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PRII’ACE 



It 1e the purpose of this thesis to examine both qualita- 
tively and q antitativelj'- various aspects of con^^estion in the vra.ter- 
borne traffic using the ^ake Washington Chip Canal and the Hiram M. 

A. 

Chittenden Locks. The principal questions to be investigated herein 
are: Do congested conditions actiially exist in the ship canal; what 
is the extent of this congestion; wliat is it's cost to the public; 
how vill it affect the development of water-borne traffic patterns in 
the Seattle area; are measures available for the relief of this con- 
gestion; and are they economically feasible. 

Rirsuant to answering these questions the historical back- 
ground and the so\a'ces of congestion in the Lake 'Washington Ship 
Canal will be investigated and discussed. In order to detect the 
influence of time upon water-borne traffic patterns, the rate of 
change of the pleasure boat population in Seattle and the annual fluc- 
tuation of boat ariuvals at the Hiram jX, Chittenden Ijocks will be 
examined and projections of these functions r.ade for the next several 
years . 

If congestion is discovered, possible means of alleviation 
will be proposed, Tlieory and i..ethodology for the quantification of 
the effects of this congestion will be developed, necessary data will 
be collected and processed in such manner as is required to .^ive a 
quantitative indication of the cost to the public of congestion in 
the ship canal due to pleasure craft traffic. 




$ . 
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Calculations will be rxic3e oi the justifiable costs of those 
meas’ res proposed for the red'iction of corik'estion and these calcula- 
tions used, os a basis for estiratlnc the econor.iic feasibility of 
installing the proposed inprovenients . Eased on those data qualitative 
predictions of probable trends in the development of recreational 
voter-bome traffic patterns in the Seattle area will be made and 
discussed. 

The thesis will be concluded with a discussion of possible 
Inaccuracy in the procedure employed and data used and the proposal 
of an extended methodology for a more detailed study of this problem 
by some interested agency. 

The reader iroist be mindful of the fact that the imponderables 
of economic theory pem.it no precise, definitive numerical calculation 
of gains and losses to be made. Even the i.;ost rigorous investigation 
of economic questions requires niu erous subjective Judgements and 
assui;.ption8 to be i;.nde, ell of v/hich are the subject of continuing 
academic debate. 

Any results of this investigation therefore, will partake 
more of the nature of an engineering estimate than of anything else. 

At the same tire it should be remembered that those estimates are 
based not only upon the experi ence and opinions of the author but also 
upon those of the professional engineers who so kindly advised and 
guided the author throughout the time when this report was in the 
making. As such they are rather more than likely to be well within 
the limits of accuracy and credibility of more laborous although no 
more theoretically definable procedures. 



CHAPTER I 



THE HISTOICf OF A TRAFFIC PROBLEM 



The City 



If for nothing else, Seattle would be distinguished for its 
geometry. Situated on a narrow strip of land between Puget Sound and 
a great fresh water leike, all patterns of transportation have of 
necessity developed in conformance to this constrained configuration. 
Motor traffic must either run north and south, bounded by sea and lake 
and by lake and mountain, or else turn at right angles and seek to cross 
the lake on narrow ribbons of concrete stretched over pontoons. Water- 
borne traffic too must conform to this pattern, plying either north or 
south within Lake Washington or Puget Sound, or else turning to seek 
the sole connecting link between the two bodies of water; a search made 
all the more attractive by their proximity to one another. So notable 
is this proximity that shortly after the Civil War, the Ihiited States 
Navy considered locating a naval station in lake Washington althoxigh 
there was no connection between it and Puget Sound in existence at that 
time. 

The Government Locks 

At the tuim of the century, Wilbur and Orville Wright were 
still experimenting with kites and only a few eccentrics and visionaries 
could conceive of a carriage being moved without the assistance of horses . 



1 




2 



Seattle meanwhile was a rapidly expanding seaport, focus of the north- 
west timber industry and noxarished on trade with the rich Alasica Territory 
and with the industrious Japanese who were busily building the fleet 
they would soon use to shatter the power of the Czars . With Seattle the 
most rapidly developing center of seaborne traffic in the lAiited States, 
and in this the golden age of canal building, there is little wonder 
that the obvious task of connecting Lake Washington with Puget Sound 
should be undertal:en. 

In 1910 the Congress of the United States authorized the con- 
struction cf a masonry locks in the narrcvfs between Shilshole Bay and 
Salmon Bay, with the understanding tliat local governmental agencies 
should furnish funds for the excavation cf the watenv’ay connecting the 
bodies of v;ater. Construction was begun the next year, the project 
being comx)leted and opened to traffic in 1916. Lake VJashington tjus 
linlced with the sea . The burgeoning new ■vra.tei'way was opened to the 
timber industry and a haven ci*eated for fishenuen. 

In 195'u the name of the gcvcmnient locks was officially changed 
to the "Hiraj.i M. Chittenden Lodes,” in honor of the man primarily respon- 
sible for their design. Figure 1 is a map of the Lake Washington Ship 
Canal system showing the locks, the canalized portion and intermediate 
waterways . 
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The Pleasiire Boat inf; Industry 

I'Hio in 1900 coTild have dreamt of the unparalleled prosperity 
ve in the United States enjoy today? Today, \ 7 ith greater incomes and 
more leisure than ever before at their disposal, Americans in record 
numbers are turning to sports and diversions of all kinds, and of these 
yachting and pleasure boating leads the vay. The 1960's have become the 
golden age of the boating industry. Every year has set a new record in 
sales of cabin cruisers, sailboats, outboard motors and outboard hulls 
and associated nautical equipment and goods. Yacht clubs, moorings and 
marinas are springing up like mushrooms. People of all income brackets 
are noxr buying boats and enjoying the thrill of sailing or motoring 
across open crater. 

Sharing equal responsibility vd-th increased income and leisure 
time are technical developments ^dthin the boating industry. Some of 
the factors that have influenced the rapid development of the boating 
industry are: the proliferation of one-design sailing classes, outboard 
motors and hulls; the development of water-tight and warp-free marine 
plyvrood; and most of all the invention of the fiberglass h\xU. The 
availability of these virtually maintenance -free hulls has converted 
a considerable segment of our population from Sunday drivers to Sunday 



sailors . 
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It is estimated that more than thirty-eight and a quarter 
million Americans participated in recreational hoating and water 
sports during 1963, spending two and one-half billion dollars for new 
and used boats, motors, accessories, safety eqviipment, fuel, insurance, 
moorage, maintenance, launching, storage, repairs and club memberships 
(1). The figures in Table 1 are adopted from publications of the 
National Association of Engine and Boat Manufacturers and the Outboard 
Boating Club of America (l). These data, when plotted in Figure 2 , 
illustrate the general grorth trend of recreational boating on a 
national scale. 

For our purposes the most iE5>ortant portions of this curve are 
the projections labeled respectively "A" and "B". Projection A repre- 
sents the level of growth that ’..'■ould have been achieved had not the busi- 
ness recession of 1959 and i960 intervened. It may be seen that had 
grorth continued at its pre-1959 rate, the national boat population would 
already have passed the nine million mark and could be expected to stirpass 
eleven and one-half million by 1970 . The effect of the business recession 
at the beginning of this decade was to reduce the total boat population 
by 800,000 vessels. Althoiigh the industry is obviously recovering, the 
i960 peak has not yet been matched nor is the rate of e>q>ansion as great 
as in years prior to i960. 

Projection B consists of two dashed lines. Tliese lines enclose 
an envelope containing the probable rate of increase of the boat popula- 
tion through 1970. 
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TABLE 1 



ESTIl-lATED RECREATIOIIAL BOATS III USE HIE UKITED STATES 



YEAR 


IIUI-IBER 


1904 


15000 


1913 


400000 


1930 


1500000 


1947 


2440000 


1950 


3510000 


1951 


3710000 


1952 


4333000 


1956 


6686000 


1957 


6954000 


1958 


7330000 


1959 


7800000 


1960 


8025000 


1961 


7175000 


19f2 


7468000 


1963 


7678000 



I 




M/LL/O/^S of FFCFFAT/OA/F/. bo/its W aS£ 
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It may 1)6 seen that the i960 peak ^ri.11 be re-achlevcd sometime in I965 
and that by 1970 the national boat population ’ivill have reached a level 
of bet'^reen 8.8 and 9-^ million craft. 

Boating in Washington State 

In its geographic position as a coastal state, V/ashington may 
be ejected to have its share of the national boat population. Although 
the National Association of Engine and Boat I4anufacturers and the Outboard 
Boating Club of America do not make estimates for individual states (l), 
excellent data is nevertheless available for the state of Vlashington. 

The two principal sources of such data are records of the United States 
Coast Guard (2,3), and the records of the Bureau of the Customs (4). 

These data are summarized in Table 2. 

Coast Guard figures include all those motor boats in the state 
of Washington which are obliged to carry numbers under the Act of June 7, 
1918, as amended (46 USC 288). This act req.uires the numbering of every 
undocumented vessel propelled by machinery (in whole or in part) owned in 
the United States and found on the navigable -v/aters thereof, except public 
vessels and vessels not exceeding lb feet in length propelled by outboard 
motors (3). The Washington state version of this law does not axerpt 
motors of under 10 horseiKJwor. The figxires from the Bureau of Customs 
include those yachts \/hich do not fall within the provisions of the 
Motorboat Act by virtue of possessing Ifaited States documents. The 
totals of these data are plotted in Eigxire 3« 
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TABLE 2 

REGISTERED AND DOCUMENTED PIxEALURE CP.AFT IN THE STATE OF 

WASHINGTON 

U.S. COAST GUARD BUREAU OF CU2TOIB 



YEAR 


REGISTERED MCTOieOATS 
(2, 3) 


DOaM'IITED YACHTS 

(4) 


TOTAL 


1951 


15917 


t. 


16589 


1952 


16731 


660 


17391 


1953 


17595 


690 


18285 


195^^ 


17754 


699^ 


18453 


1955 


19341 


0 

CO 


20049 


1956 


20876 


713 


21589 


1957 


22815 


720 


23535 


1958 


25153 


719 


25372 


1959 


29459 


729 


30188 


i960 




305 


50562 


1961 


61845 


35c 


62701 


1962 


71061 


901 


71962 



*Data not locally available, eEtirrated by the author 
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Note that the effects of the husiness recession of 1959-60 ore 
not in evidence in this plot as they vrere in Figure 2. Figure 2 of course, 
was "based iq)on estimated data, the implication of the difference between 
the two plots being that those estimates attached excessive importance to 
sales figures and to the general business situation of that period. In 
Figure 3, the rectilinear projection A and the curvilinear projection B 
enclose an envelope which should contain the probable groi/th trend of 
recreational boating in this state through 1970. These projections 
indicate that there \d.ll be between 116,000 and 156,000 registered and 
documented pleasure craft in V/ashington by 1970. Considering only the 
more conservative figure of these two (ll6,000), this would represent 
a growth of over 60^ by 1970, only six short years avaj'-. If the arrival 
of vessels at the Hiram M. Chittenden Locks v:cre to increase 60^ in the 
next six years the results would be very nearly catastjraphic . Fortunately 
however, as we shall see presently, boat arrivals at the locks are not 
increasing at nearly so rapid a rate as is the general boat population 
of the nation, this state, or even the city of Seattle. 

Boating in Seattle 

Vie are interested in the past, present and future growth patterns 
of recreational boating in the Seattle area, since as will be demonstrated 
Later, fluctuations in traffic through the Hiram M. Chittenden Locks are 
principally dependent upon pleasure craft rather than upon commercial 



traffic . 
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The establishment and forecasting of these trends is hovever, not 
soqulclilyor easily done for Seattle as it was for the entire nation 
or for the state of Vfashington. 

Attention has already been dravii to Seattle’s singiilar geometry. 
The Seattle meti*opoLltan area in our tine includes within its bovindaries 
very nearly the entirety of Lake Washington. Few other urban centers 
possess the wealth of shoreline and \/ater surface that are available 
in Seattle. As a result, Seattle has an extraordinary concentration of 
pleasure craft in proportion to its population. For instance, in 1950 
it ’vas discovered that the nuinber of pleasure craft in Seattle in pro- 
portion to its population vras more than six tines the national average 
surpassed in this respect only by Juneau, Alaska and Ogdensburg, New York 
( 5 ). These figures however, were based on a registration law that was 
not Coast Guard approved and which tended to require registration of a 
greater proportion of the total nml>er of recreational craft in the state 
of Washington than in other states. For the sarae general time period 
Seattle was the ninth leading city in the United States in the total sales 
of outboard motors (l). Since this is based on total sales rather than 
per capita sales the suggestion still remins that Seattle possesses a 
considerably greater density of plcas\ire craft per capita than very 
nearly any other metropolitan area in the nation. 

Data on yacht docuiaentations is available from the Bureau of 
Customs broken down by cities (4); motorboat registrations by the Coast 



Gxjard hov/ever are not. 
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Therefore in order to estimate the number of pleasure craft in the 
Seattle metropo3j.taa area, some form of correction must be applied to 
statewide figures of motorboat registrations. The author chose to make 
this correction on the basis of the population of the state of Washington 
as coD^iared to that of Seattle and its environs. Table 3 shows the data 
and ceilculations involved. 

Data published in the Statistical Abstract of the United States 
(6), on the population of the state of Washington and that of Seattle 
and vicinity for the years 1950 and i960 were used to obtain the relative 
ratio between city and state in these two years. A straight-line inter- 
polation and exti*apolation was made of this ratio between the two cens-us 
years. The calculated ratios for each year were then multiplied by the 
number of registered motorboats in the state that year to obtain the 
estimated number of motorboats over 10 HP in Seattle and vicinity. 

Since these figures do not include powered craft under 10 HP, 
a correction factor of 1.2 ;ras used to estimate the total number of 
powered craft in Seattle and vicinity excluding documented yachts. 

This correction factor of 1.2 was developed on the basis of sales 
figures for outboard motors under 10 HP (l), and from subjective esti- 
mates of the percentage of un-nuabered motorboats passing through Hiram 
M. Chittenden Locks made by the author and by personnel at the locks. 

To the figures thus corrected were added the nuinber of documented yachts 
based in Seattle, and the totals plotted in Figure 3. 
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In this ficure, projections C end D contain the envelope of 
boat population grovth in Seattle and vicinity through 1970. It must 
be noted that the curves for Washington state and for Seattle are not 
exactly coir 5 >arable since the one is based only on registered plus docu- 
mented craft while the other is based on adjusted registered craft plxis 
documented craft. Nevertheless it is obvious that the curves are quite 
siioilar which is some justification for the mathematical approach used. 

The projections of future grovrth indicate that in the year 1970 
there ■vjIU be between 61,000 and 78,000 powered pleasure craft in greater 
Seattle. 

Coriposition of the Boat Population 

At this point, a word should be said concerning the con^josition 
of Seattle's boat population. A knowledge of the precise coE 5 >osition 
(length, propulsion, etc.) of this boat population would be desirable 
later in this paper. For this, the author euployed the I 963 yeaihook 
of the Seattle Yacht Club (8). This pioblication lists all vessels be- 
longing to members of that organization, and includes various data such as 
length, radio call letters, type, racing class, etc. This listing has the 
virtue of including both vessels moored in the water and vessels stored 
on trailers. 

Table 4 contains information on the con^josition of Seattle's 
boat population based on these data. 
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Four basic categories of pleasure craft were considered: outboard 
motorboat E, inboard motorboats and cruisers, small sailing craft 
(arbitrarily defined as sailing craft 22 feet or less in length), and 
large sailing craft. Tlie total number of pleeisure craft listed was 952. 
The breakdown of these craft into the four categories considered, the 
percentage of the total number of vessels in each category by nuniber, 
the aveiage length of vessels in that category and the percentage of the 
total nuBiber of vessels in that category by length are sumnarized in 
Table 4. In addition the manber and percentage of vessels carrying 
marine radios are shown. 

The author feels that this represents the best con^KJsitional 
information available short of a very ambitious statistical sxirvey 
program. It must be realized that because of the income bracket to 
which most members of the Seattle Yacht Club belong, this con 5 >ositional 
infoimjation is almost xindoubtedly biased in favor of a larger, longer 
€uid more expensive vessel. Since all other calculations and results 
developed in this report vrLU probably be on the conservative side of 
the true figures, a combination of those calculations with these coag>osi- 
tional figures may well be mutually coni)ensatory. 

Factors Affecting Traffic in the Ship Canal System 

Tlie availability and advantages of the great expanse of fresh- 
Afater moorage space in the greater Seattle area lias tended to concentrate 
by far the greater portion of the vicinity's boat i>opulation into inland 



areas . 
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Simultaneously, the proximity of these r.oorage areas to Puget Soiind causes 
many boat-ovmers to seek less restricted waters for their pursuits while 
maintaining their moorage in fresh-water. In addition, a certain propor- 
tion of those yachtsmen who moor their craft in salt-water moorages 
occasionally find reason to navigate the ship canal system to Lake Washinf;ton. 
The intensity of this traffic is influenced by a nmber of factors. The most 
readily understandable of these are cost of moorage, cost of raintenance and 
convenience in and to the various mooring areas. 

The primary factor favoring salt-water moorage is one of convenience. 
The yachtsman who prefers to sail Puget Sound and its approaches and in 
Pacific Coastal waters rather than the inland areas of Lake Washington 
and Lake Union may \/ell prefer a mooring site directly sit\iated on Puget 
Sound. In addition, yachtsmen who live near a salt-v/ater facility may 
prefer that facility due to proximity alone. Another factor which is 
reputed to liave enhanced the desirability of salt-water moorage is the 
increasing congestion of Lake V/ashington with cross-state highway bridges 
which are making suitable yacht racing areas increasingly scarce on the 
lake. There is a current trend towards the shifting of yacht-racing 
activities from the interior out to the Sound. With existing facilities 
there becoi.iing the center of these activities, competitively minded 
yachtsmen may prefer the additional convenience of mooring near the hub, 
or future hub, of sail racing activities. 

The very congestion under study in this thesis may eventually 
be the most powerful factor influencing yachtsmen to move their moorage 



to salt-water. 
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In spite of this congestion ho\rever, owners of MrinQS in frosh-v^ter 
may be seen to be expanding their facilities at a rapid rate to satisfy 
the demand for additional service in these areas. The already hea'vj’’ con- 
centrations of traffic in fresh-water tends to induce concentrations 
which are heavier yet. 

The two principal disadvantages of salt-water moorage are in- 
creased exposure to the elements and exposure to dar.iage by corrosive 
action and the action of marine organisms, both fouling and boring. Not 
only does moorage adjacent to Puget Soiind expose a craft to the greater 
severity of weather to be experienced in less protected areas, but by far 
the majority of on-sound moorages are uncovered, posing a serious problem 
to the boat owner whose craft is not congpletelj'' weather-tight. This 
objection is only applicable to power cruisers since sailing craft find 
covered moorage impracticable due to mast height, and very small craft 
find it too expensive. 

Puget Sound has its share of boring organisms. Tlaese are a par- 
ticularly serious problem to the owners of v;ooden -hulled craft. Even so, 
vessels of this type may be even now obser-/ed in salt-water moorage facili- 
ties. Since the majority of modem pleasvire craft are being built of m.etal 
or of fiberglass and other plastic laminates which are not attacked by 
boring organisms, the generality of this disadvantage will decrease as 
older, wooden hulled vessels ore retired from seinrice. 

Hie problems of electrolytic corrosion and fouling organism^s in 
salt-v/ater are of course applicable to every type of vessel. 
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Even the most modern methods cannot entirely obviate electrol^/tlc corro- 
sion of metal hulls, propellers and hull and super-structure fittinfjs. 
Fouling organisms also seem to have no particular aversion to any sort 
of hull unless thoroughly treated \vLth an anti -fouling paint. 

Considering both protection from the d.ements and reduction of 
maintenance, most yachtsmen find fresh-’vater moorage highly desirable. 

Since most boring and fouling organisms cannot live in fresh water, these 
problems are almost entirely eliminated. Hvills must be beached only at 
great intervals in order to remove fouling plantsgrovths . The annual 
beaching required of salt-rater moored vessels is not encountered by 
the fresh-rater yachtsman. Tlie high rate of availability of covered 
moorage in Lake Union, Portage Bay and Salaon Bay rakes moorage in fresh- 
rater areas highlj'" attractive to those yachtsmen who desire the added 
protection conferred by covered moorage and ’whose craft can be accomo- 
dated in this manner, l-'any yachtsmen consider covered noorEi,'’:e an absolute 
necessity in view of general ’weather conditions in the Seattle area. Tlie 
more protected Inland location is desirable even for weather-tight craft 
and for those v7ho cannot, or choose not to make use of covered moorage. 
Obviously, the salt-water corrosion problem is completelj'' non-e>istent , 

The convenience and cost are two other factors that ray affect the 
yachtsmen's choice of one type of moorage in opposition to another, and thu 
will influence traffic jatterns. At present there is no significant 
difference in basic cost betvreen salt-vrater and fresh-rater moorage in 



Seattle. 
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Galt-\/ater moorage is on the average cheaper but this is due to the fact 
that virtually all salt-venter r.oora ;e aov/^ in existence is uncovered; it 
is no cheaper than is uncovered rooraye in inland areas. 

Tliose yachtsmen v/ho reside near the lakes nay prefer to noor 
on the lakes and their connecting vratcr.mys. This v/ould be particularly 
true of those yachtsmen living in the municipalities bordering the eastern 
shores of Lake Vosliington. Yachtsmen living in areas liavlng convenient 
access to salt-vater ray prefer moorage there and of course, the increase 
in cross-lake bridge facilities i:ay result in an increased use of salt- 
water moorage by yachtsmen from more casterli' areas. 

Access to salt-vrater is obviously no probleii. to those who are 
aii’cady moored tliere, but for those yachtsmen who choose fresh-water 
moorage, the problem of access through the Ilirar. !•'. Chittenden Locks is 
midoubtedly the most significant convenience factor invol/ed. Long waits 
at the locks may represent a large loss in utility to yachtsmen who annually 
invest many thousands of dollars in owning and naintainin^; their craft, with 
the return of onlj- a fe’d houi's of use per week. Certainlj'- if this lost 
utility (due to congestion at the locks) surpasses the additional maintenance 
costs that right be expected in salt-water, one night expect a fresh-water 
yachtsran to shift his moorage outside of the congested inland area. 

One of the princiial factors affecting traffic pattern develop- 
ment in Geettle's recreational waterwa^^s is the nu’i>er and location of 
facilities catering to pleasure craft that exist therein. Ibisting pleasure 
boat moorages are sited in lake Washington, Portage Bay, Lake Union, Salmon 
Bay, Shllshole Bay Elliot Bay and the Duwanish River watciways. 
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The author estinater that there are about tOOO berths presently,' a.'ailable 
in fresh-vraiter and 2^00 in s a It -'..-a ter. 

For those craft vh.'ch are launched and retrieved each use beinc 
stored on land on a boat trailer in the inter/ol betv/een usages, the 
location and convenience of boat launchinp ra;ips is a :aJor contributiac 
factor. The trend here parallels that of other pleasure boatinp facilities 
in the area, the Uiajority of available boat ]^\inch5 nr rarps be'n." locate''’ 
adjacent to fresh-water. No available statistics indicate effect^ vel;;,' the 
variation between water and land based pleasure craft traffic patteins. 
Until evidence to the contrary is a/ailable, it is reasonable to assure 
that traffic patterns cicnerated by shore based pleasure craft parallel 
those that exist for the boat population in general. 
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CHAPTER II 



OPEPJlTIOnE AT IIIRAaM M. CHITTEUDEM LOCIT' 



Layout and General Description 

The general Layout of Hiram M. Chittenden Locks is illustrated 
in Figxure 4. The lock complex consists of three basic coniponents; the 
large lock, the small lock and the dam that maintains the water level in 
the inland lak.e con^ilex. Figure 5 shows a section through the dan and 
varioxis pertinent data are listed in Table 5- 

Before the construction of the locks and dan there not only was 
no connection between lake Union and Puget Co\md, but also there vras no 
connection between Lake V/ashington and Lake Union. The ■'.■rater level in 
Lake Washington was naturally regTilated bctvraen elevations of 29 and 33 i' 
above mean tidal level in Puget Sound, its outlet being at the southern 
end of the lake "via the Black and Duwamish rivers. Lake Union iras re;;ula 
ted artificially at more or less its present level by a spilli.’ay at the 
western end of the lake. Salmon and Shilshole bays were tidal '.raters. 

During the construction of the present ship canal comple;., a 
channel was dredged through Shilshole Bay to -ake it navigable at all 
tines. Lake V/ashington and Salmon Bay were lowered and raised respective 
ly to match their levels to that of Lake Union. The connecting passages 
between SaLmon Bay and Lake Union, and Lake Union and Irake V.'nshin; ton 
were dredged to navigable depth and the locks and dan Installed in their 



present location. 
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tabij: 5 

M. CIIITTETIDEII LOCKS - DATA AJTO Dlf-EZISIOIIS 



FAIN LOCK 





Available length 


Ti'O 


ft. 




Available length, east chamber 


3^^5 


ft. 




Available length, west chamber 


327 


ft. 




Depth on upper mitre sill at low water 


3^ 


ft. 




Depth on lower mitre sill at mean lover 
low water of ?u{';et Sound 


29 


ft. 




vadth 


8o 


ft. 




Height of wall above floor of lock 


55 


ft. 


SimLL 


LOCK 








Available length for square ends 


123 


ft. 




Depth on upijer mitre sill at low water 


1l 


ft. 




Depth on lower nitre sill at mean lower 
low water of Puget Soimd 


IC 


ft. 




Width 


28 


ft. 




Height of wall above floor of lock 


h2 


ft. 


V.’ATER 


LPATSLS 








Upper Pool 








liaxinum level 


+22. 


,0 ft 




Minimum level 


20. 


.0 ft 




Range 


P . 


,0 ft 




Lower Pool 








Maximum high tide above datum 


15 


ft. 




Minimum low tide below datum 


-4 


ft. 




E>; t I'eme tidal range 


19 


ft. 
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The entire inland water’//ay coniplex ic now regulated by this one dan; at a 
level of fron 20.0 to 22.0 feet above tidal datu.T.. 

The variation in size between the large and small locks is an 
indication of the relative importance attached to commercial as compared 
to pleasure boat traffic at the time the locks were constructed, the large 
lock being over six times as long and very nearly three times as wide as 
it snaller counterpart. It is noteworth;y' that the larver lock is divided 
in two by a set of central gates, thus simultaneously providing a Large 
capacity and an intermediate capacity lock. 

The distance through this system from deep \^ater in Puget Sound 
to deep water in Inke Washington is about eight miles. Since tides in 
fhilshole Bay have a range of about 15^ feet, varying from 4 feet below 
datum to about 15 feet above, vessels passing through the locks are lifted 
or lowered between ( and 2( feet depending on the state of the tide and 
the water level of the lakes. 

The United i'tates Anry C' rps of Engineers claims that an average 
transit through the large lock requires about 25 minutes and through the 
small lock about 10 minutes. Large ships, they say, seldom require riore 
than 30 minutes. Tows occasionally take an hour but usually pass through 
in about 30 minutes. They estimate that about 30 pleasure craft can be 
accomodated along the walls of the large lock but if they are moored 
several abreast, about (0 can be taken at a single lockage 
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Description of Lock 0]:>erations 

The demand for passage through the locks reaches its peaks only 
during the daylight hours of weekend doys and holidays in the summer 
months. Throiighout most hours of most other days, traffic demand are 
light. 

Under these circumstances of light traffic flow, vessels arriving 
for passage through the locks are routed to the lock appropriate to the 
size of the vessel. If any of the dimensions of a vessel exceed the maxi- 
mum of 70 feet of length, 2U feet of width, 10 feet of draft and k2 feet 
of height above the waterline, the vessel is routed through the large 
lock. All smaller craft are routed through the .'=nall lock. The nunber 
of pleasure craft that exceed these maximum dimensions is quite s'lall, 
being limited to very large motor and sailing.' yachts. To say that by 
far the majority of all pleasure craft are of a size permitting passage 
through the small lock TOuld be \anderstating the case. Virtually all 
pleasure craft may use this smaller facility if no other consideration 
enters the picture. 

Under some circumstances, small craft may be routed through the 
large lock even in times of low traffic flow. Whenever the larre lock 
must be cycled in order to accomodate some vessel exceedint> the previously 
stated dimensions, as many smaller craft as are in the vicinity are 
admitted to the large chamber and locked through simultaneously. 



To Gumrnarize this pattern of off-peak operations \re ray say 
that vessels exceeding certain stated mininun dimensions are routed 
through the large lock while all smaller vessels are routed through 
the snail lock with the exception that whenever the gates of the large 
lock are opened for a large vessel, on^" srall craft standing by are 
admitted to the lart,e lock and cycled through in coinpany vd.th the large 
craft. 

High Density Traffic Patterns 

During those hours of those days on v/hich pleasure boatmen 
are most avidly pursuing their nautical interests, lar,5e numbers of 
small craft present themselves at the locks for passage to one side or 
the other. As the rate of arrival of such vessels Increases, eventually 
exceeding the maximum practical traffic handling capacity of the small 
lock, a line (or queue) of vessels awaiting lockage builds up along the 
SI all lock waiting pier and in the holding areas above or below the locka. 

During these peak times the large lock must be pressed into ser- 
vice in order to handle the great numbers of craft demanding passage. 

As a natter of practical interest, on days favorable to yachting, the 
capacity of the snail lock is exceeded at about 10 a.r. From this time 
on the small lock is cycled as rapidly as possible, transferring a full 
chamber load each cycle, while excess traffic Is routed through the larger 



lock. 
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In times of relatively high density of traffic at the locks, 
several characteristic conditions develop. The time required for a 
single locltage (hereafter referred to os a transit) through either lock 
increases considerably over that required during off-peak hours. In 
the small lock, the time necessary for a transit may increase from the 
minimum of 5 or 10 minutes to as much as 25 or 30 minutes. 

This same lengthening of the transit time occurs in the large 
lock to an even greater, and for the purposes of this thesis, much "ore 
significant extent. In this lock, the time required for a passage 
increases from the off-peak minimum of 10 or 20 minutes to an hour or 
even longer. 

Queueing Patterns 

Once the transitional phase separating the characteristic opera- 
tional patterns of low from high traffic density has been passed, queueing 
vessels v.dLll have filled the ’./aiting piers for both large and small lock, 
the remainder forming a large pool of craft maneuvering and lying-to in 
the holding areas above or below the locks. Boats in these queues are the 
boats that are waiting to be admitted to one of the locks vhen the rates 
are opened again. As soon as one of the locks is full, the gates are 
closed and the operation of lifting or lowering is perfcrr.ed. All craft 
arriving at that lock after the gates ore closed m.ust wait through a cycle 
of lift and lover before the gates can be re-opened and they con be 



admitted. 
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It is when the queue waiting for entrance to the small lock becomes 
longer than the capacity of the lock for the next transit, that the gates 
of the large lock are opened and it also is pressed into service* 

In general these queues or waiting lines are not allowed to devel- 
op to an extent where there are more vessels waiting for use of the lock 
than can be handled during the next transit in both locks. Cn some very 
high traffic days this does in x"act happen, usuall:^/ in the evenirw- an: 
to that traffic returning into Lake V.’ashington after the v.eek-end's 
yachtinrr. From the standpoint of this thesis, the point of salient 
interest is that pleasure crait which voul othen-^'ise be able to 

pass through the small lock must instead use the larger facility, ex- 
periencing the much longer transit time associated with it, and nay in 
fact have to wait one or more full cycles of tliot lock for passage. 

It is wortiiy of note that altnough queueing is the most obvious 
characteristic of the congestion problem at th*' government locks, the 
mathematics of ’’queueing theor;>^” are not usuable in oetermininf; the 
parameters of the congestion since records kept at the locks indicate 
only the nurber of vessels passing through and entain no indication 
either of arrival rates or of queue dimensions. 

One Way Traffic 

One point that has not been coverec^ yet but which :s ?ssent-Dl 
to understanding of the traffic patterns occurring luring •^on, este* tines 
is the one-way character of arrivals at the locks. 
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Most yachtsmen want to leave their fresh-water moorlnrs and transit the 
locks to salt-veter sometime during the morning or early afternoon. These 
same boatmen usually want to return inland of the locks soretime in the 
late afternoon or early evening. These desire trends give rise to traffic 
patterns which are characterized by extrem*e directionality. Traffic flow 
is principally seaward in the morning and early afternoon and principally 
lakeward in the late afternoon and evening, the traffic flow in directions 
opposite to this trend being very nearly insignificant in amount. 

Prediction of Ijock Arrivals 

It was demonstrated in the previous chapter that the popularity of 
boatin/' end the nurber of pleasure boats In existence is increasing rapidly 
in the nation, the state and in Seattle itself. At present, the ’.ajority 
of all pleasure craft in Seattle end vicinity are concentrated into the 
fresh-vater moorages inland of the Hira^' M. Chittenden Locks. The desire 
of m.ony yachtsmen to pass frequently through the locks end into Piget 
Sound and then to return to fresh-water moorage has created a condition 
of severe traffic congestion in the ship canal system in general and specif- 
ically Qt the locks themselves. It is certainly reasonable to assume 
that Seattle umll follow the genr'^ral trend of increase in the popularity 
of boating; and as the boat population increases (and as was shown in 
FifTure 3 ve expect the boot population of Seattle to very nearly" 
double within the next six years) the de'^ancs on the locks for passage 
to and from Pu^;et Sound and inland waters will become greater ani i;reater. 
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In Table are smnrarlzed data adopted fro;*, records kept by the 
United itates AiTny Corps of Enfineers at the Hirar H. Chittenden Locks. 

The nur ber of pleasure craft and other vessels usinp^, the locks annvally 
and the total of these tv/o are tabulated for the years 1*^53 through 19 3- 
Figure f is a graphical representation of this data showing the annual 
variation of pleasure traffic, traffic attributable to types of vessels 
other than pleasure craft, and the total traffic through the locks. 

These c;irves indicate a nuriber of notable features characteristic 
of the troffic through the locks. Notice first of all that the volume 
of pleasure craft traffic has, since 1^53. grown to where it is consider- 
ably greater than the volune of all other traffic combined. Notice too, 
the similarity in shape between the pleasure craft cur’/e and the curve 
for all vessels through the locks. The implications here are first that 
pleasure traffic is far and away the most important type of traffic pass- 
ing through the locks as far as numbers of craft involved and secondly that 
the total traffic handled in a 2/ear varies as the pleasure traffic for that 
year varies. Minor details noticeable are the peak in comr.erclal traffic 
and acconp’anylng peak in total traffic caused by the opening of the Shilshole 
Bay Marina in combination with the business recession of 

The dashed lines in Figure ( are projections Indicating the future 
traffic volumes that may be expected trirough the loclis. In making these 
projections the 19^2 V/orld'c Fair peeks were ignored. These projections 
indicate that by IO70 coinnercial traffic will have again reached a volume 
of more than 30,00' vessels per year, falling about 2.000 vessels short 
of matching the 19 ^ 2 peak. 
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TABLE ( 

SUIf-lAPY OF VBSSEI^ PASSING 
THROUGH HIFAM M. CinTTENDEN LOCKS 





PLEASURE* 


OTHER 




YIAR 


CRAFT 


VESSELS 


TOTAL 


1^53 


27,721 


30, Of ( 


57,787 


1954 


31,766 


28,009 


59,775 


1055 


34, ^Uo 


30,291 


« 4 ,o 31 


195 t' 


41,551 


27,031 


3,582 


1957 


52,221 


25,115 


77.336 


1^58 


53 , 82.3 


25,513 


79 , 396 


1959 


47,^79 


2^ ,011 


73 .' ^ 


i960 


47,822 


23,937 


71,759 


19 t 1 


47,059 


2' ,341 


73.400 


19<2 


48,2'ro 


31, w 5 


80,235 


19<3 


49 , 1 ioi 


27,f 12 


77,013 



*IncludeE pleasure craft of foreipn origin. 
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Pleasure traffic should increase steadily, surpassing the 195'3 peak by 19^ 7 
and reaching a level of over 57,000 vessels per year by 1970 . Barring najor 
fluctuations in the national economy then, total traffic volume throu<:h the 
locks v/ill have reached an all time high by 19 t 5 and will amount to more 
than 88,000 vessels per year by 1970. This will be an increase of 8,000 
vessels per year over the 19^2 record of 80,000. This means that we may 
expect an increase of 10^ in traffic through the locks -vrlthin the next six 
years. This is considerably less than the increase in the overall boat 
population that may be expected within the same period. Nevertheless, con- 
sidering the state of congestion that exists under present traffic loads, 
an increase of even 10^ may well prove intolerable. 



CHAPTER III 



POSSIBLE imMlS OF REDUCniG CONGESTION 

Possible means of reducing congestion in the I^ke Washington 
Ship Canal and Hiram Chittenden Locks fall into tvo general cate- 
gories; those measure vhich would reduce congestion by increasing the 
actual physical capacity of the locks and those measure which would 
attempt to reduce congestion by inducing decreased peak traffic volumes, 
spreading this traffic out over a longer time period. Of all conceiva- 
ble methods of reducing congestion in the locks and the ship canal 
system, only a few can be subjected to any sort of analysis at all. 

This thesis will confine itself to one or two of the most promising 
of these. It is desirable however to mention and tabulate as many 
methods and proposals for reducing congestion as possible simply to 
provide a basic working list from which the most premising proposals 
can be selected. 

Education and infemation 

It is possible that sore reduction in congestion and in travel 
time through the locks might be achieved by information and educational 
programs designed to better acq\;aint yachtsmen with lock rules and pro- 
cedures. Acquainting Seattle boatmen with the general trend of traffic 
patterns at the locks would enable then to choose off-peak times for 
transit. Such programs could be effected by p\:blishin^ pamphlets of 
lock rules and lockage data and pn cedures showing what hours are most 
favorable to expedient passa/e through the locks, distributing them to 



yacht clubs and to vessels passing through the locks. Using these pub- 
lications as an aid, personnel of the United States Arrny Corps of Engineers 
end Coast Guard could conduct instr^uction at various yacht clubs and 
marinas In proper procedures and lock seamanship. In actuality, sheets 
listing lock rules and procedures are passed cut at the locks already 
^ind the author doubts that even if some decrease in congestion could be 
realized by such a program, such a reduction would be great enough to 
compensate for traffic peaks of the magnitude ve are likely to encounter 
in 1970. 

Administration 

In order that proper records may be maintained of the number and 
type of vessels and cargoes passing through the locks, each vessel must 
fill out and submit a fom containing various pertinent information. When 
there are sixty srnall-craft involved in a single lockage through the large 
lock, the distribution, filling out and collection of these foras may be- 
come time-consuming. As a matter of fact a considerable portion of the 
increase in time reo^uired for a single transit threugh the locks is 
attributable to administrative details involving lockage records. In 
order to streamline administration as much as possible, the United States 
Corps of Engineers nerscnnel distribute quantities of lockage fonns to 
the ( vner of vessels passing through the locks so that they may have a 
supply cf these forms cn beard and can have them properly filled o\it 
irior to arriving at the locks. Even so, a large number of boat owners 
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must be individually supplied with the proper form and the form filled 
out and collected before each transit can be completed. In addition to 
this, the distribution, collection and tabulation of these foms is a 
burden on the lock masters and their assistants £md on lock personnel 
in general. 

One improvement in this situation might be made by establishing 
automatic lock-form dispensers at a considerable distance upstrear and 
dcwnstreeim from the locks so tliat yachtsmen intending to pass through the 
locks and not having a form on board night provide themselves with these 
forms and fill them cut prior to arriving at the locks . It would then be 
necessary to furnish forms at the locks only to those craft whose owners 
resolutely i.piore all other distribution points . 

Lock form distribution locations at the locks themselves should 
be installed alon^ the lock wall as far upstream and downstream from the 
locks as possible. Collection of filled cut lock forms should be made 
from craft exiting the locks rather tiian prior to or during lockage. 
Obviously, form collection would be made at the same locations as form 
distributions. Under this system, a craft approaching the locks, even 
if not already provided with a fom, could pick a form up before entering 
the locks, iiave at least a quarter of an hour to fill it out, and then hand 
it in upon exiting from the lock. 

The effect of such a system upon lock operation is somewhat unpre- 
dictable. It might result in a great saving in travel time, or the saving 
might be only insignificant. The only adequate way of determining this is 
experimentally by actually putting such a system into operation, for say. 



the small locks . 



Another approach of the same sort would be the complete automation 
of all lockage records . Automatic radar traffic co’jnters of the type 
presently used to control traffic lights could be Installed to keep check 
on the number of craft passing through the locks. In addition, those 
craft which are frequent users of the locks could be provided with punched 
or magnetically sensitized cards which, when inserted into reading devices 
positioned at frequent Intervals along the lock walls, would automatically 
supply all information that mmst presently be listed by hand. Whether or 
not such an automated system would reduce transit time, thereby decreasing 
congestion is a matter for debate . There is some doubt that it would take 
any less time to insert a magnetic card into a reading device than it would 
take simply to hand in a previously filled out form of the type new in use. 
Tiiere are however, many advantages which would accrue through the use of such 
a system, some of which will be discussed later. These advantages are out- 
side the realm of congestion and travel-time consideration and are properly 
the subject for consideration by experts in automation rather than being 
subject matter for this investigation. 

Continuous Traffic p'low Infomration Systems 

One other approach to the reduction of traffic volumes in the ship 
canal and at the locks would be to continuously inform yachtsmen of the 
degree of congestion currently existing there. Tnis coxild be done by 
means of radio broadcasts on marine frequencies, by continuously infonr.ing 
yacht clubs and marina by tele-hone cr by use of indicating devices situated 
at appropriate locaticns in the ship canal system. 



In Chapter 1, when the coraposition of the boat population in 
vSeattle was investigated, it was discovered as a by-product of this inves- 
tigation that 37*^^ cf the craft considered in this investigation carried 
two-way marine radios and it was assumed trat a certain additional percen- 
tage would have receivers capable of receiving marine frequencies. Tliese 
craft would all be capable of receiving continuously or interaittently 
broadcast information concerning traffic conditions at the locks. The recip- 
ients of such infori'ation might then decide whether to continue on thi*ough 
the locks immediately or to delay their transit until a more appropriate 
time. Tne general effect would be to spread traffic over a greater period 
of time . 

There are sevei'al objections to this plan. Even if 50^- of all beats 
using the ship canal carried radios, only some smaller percentage of these 
would actiially have them energized. This would mean that broadcasts cn 
marine frequencies would not reach by far the larger percentage of all 
craft using the canal. Receivers might be installed at marinas and yacht 
clubs to receive the appi’opriate frequency continuously but this would be 
no more effective than informing these same facilities of traffic conditions 
by means of telephone. It is also worthy of note t'.at most marine frequen- 
cies have a much more important use than as a carrier cf traffic condition 
information . 

Telephone infenaation, while available to those yachtsmen based at 
a marina or yacht club interested in participating in a telephone infoirmi- 
tion system, would not be available tc craft that had already departed fer 
their moorage or launching site. Visual traffic indicators established in 
Shilshole Bay, Salmon Bay, Lalce Union, Portage Bay and Union Bay might prove 
to be one of the more useful informative devices. These indicaters could be 
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electrically opei'ated by remote control, (_ver telephone cables laid from 
the locks tc tue indicators. One form of such an indicator nignt be a 
clock-faced dial indicating the estimated number of minutes it will take 
to pass through the locks at the cur*rent degree of congestion. A separate 
hand could be used for the large and for the sriall lock and tc make the 
display even mere graphic, the dial could be cc Icr coded green for good 
Conditions, orange for intermediate and red for congested conditions. An 
artist's conception of such on indicator is shewn in Figure 7- 

This type of visual indication, while miore expensive t^ian any of 
the Gche.mes previously mentioned, would have the advantage tl.at it would 
contact all yachtsmen using the ship canal system and not ,'ust those tuned 
to a particular marine frequency or those who had just departed from a 
yacht club or marina. The automatic lockage form dispensers mentioned 
previoiisly could be located in the vicinity of t^ese indicators. If an 
indicator system such as this were established, it would be a simple matter 
to extend the required transmission lines to interested iiarinas and duos, 
installing smaller indicators directly at these facilities. Unfortunately, 
although ouch an indicator system is an intriguing possibility, the author 
can think of no way to invest! jatc its economic feasibility or tc predict 
its effect in reducing congestion at the locks. 

Measures to Increase Rate of Traffic Flew 

In addition so t;.e fact that none of the measures so far discussed 
are susceptible to detailed analysis, they don't really sclve the problem 
anyway. They simply make the problem appear to be less severe. 
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All these previously mentioned measures were intended simply to spread 
traffic over a greater period of time, thus reducing the intensity of peak 
traffic loads at the locks. This spreading of the peak must inevitably 
be accomplished by causing yachtsmen to advance or delay their departure 
from their moorage or launching lamp or to delay at some intennediate 
facility while awaiting a more favorable time. We have not however, elimi- 
nated the disutility caused by congestion. The disutility experienced by a 
yachtsman who delays or even cancels his transit of the locks may be even 
greater than the disutility he would have experienced due to delays and 
congestion at the locks themselves. The only positive method of obtaining 
reductions in travel-time and positive relief of congestion at the locks 
is to actually increase the rate at which vessels can pass the locks. The 
author can visualize three basic approaches to accomplishing this intent; 
by modifying the existing locks in such a fashion as to Increase the i-ate 
at which they can handle ti-afflc; by establishing a conveyor belt or a 
marine railway which would enable pleasure craft to pass from lake level 
to sea level without actually passing through the locks; or by building cne 
or more additional locks . 

Msdificatlons to Existing Locks 

There would seem to be relatively few conceivable modifications 
possible to the existing locks. Such modifications might Include lengthen- 
ing either or both existing locks in oixier to increase their total capacity, 
modification of the hydraulic mechanisms involved in the transfer of water in- 
to and out of the lock chambers, and modifications of a sort intended to 
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facilitate seamanship and administrative procedures. 

Ti^’.e first of these that we will consider will be modifications 
to the existing hydraulic systems . Later in this report data will be 
presented which will show that with their presently installed hydraulic 
systems, the large locks are capable of a minimum lift time of about 10 
minutes; while the small locks can be emptied or filled in a minim\mi of 
about 5 minutes . Even now there is some complaint among yachtsmen of 
turbulence in the lock chambers . The present hydraulic system in the 
locks is quite massive. For instance, the main water transfer culverts 
of the large lock are 8p feet wide, and l4 feet high. The laterals which 
extend from these culverts into the lock chamber are U feet wide and 2 
feet high. 

In comparison to minimum transit times of 5 and 10 minutes for 
the small and large locks respectively, the maximum transit times are as 
much as 20 minutes in the small lock and 60 minutes in the large lock . 

This great increase in the time required to complete a trip is a combi- 
nation of the time necessary for vessels to enter the locks, moor along 
the lock walls, receive, fill out and return lockage forms, be lifted 
or lowered, \mmoor and evacuate the locks. In actuality all time over 
and above the minimum transit time is consumed in beat handling and 
administrative matters . 

It is the author's belief that even if the existing massive hydrau- 
lic system at the locks could be modified in such a way as to reduce the 
transit time, the paring of one or two minutes off that portion of the 
transit time occupied in hydraulic operation would not significantly 
Influence the overall time required for a trip through the locks during 
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peak traffic hours. For this reason, investigation of possible modifi- 
cations to the existing hydraulic system is not considered worthwhile and 
will be excluded from consideration herein. 

Since the majority of the time spent in lifting and levering 
vessels during peak traffic hours is spent in boat handling and in admin- 
istrative functions, any measure that would speed up these operations would 
reduce the time required for a transit of the locks, thus increasing the 
traffic handling capacity of the existing installation. Proposals pertain- 
ing to administration have been discussed in preceding portions of this 
chapter . 

The only modification that might tend to speed up boathandling 
at the locks would be the installation in the large lock cf floating 
fenders of the type currently in use in the small lock. Such fenders, 
rising and falling along with the water level in the lock chamber and 
providing moorage attachments, reduce the amovint of linehandling involved 
in passing through the locks. Installing fenders of this sort in the 
large lock would reduce the available width from Bo feet to about 7^ to 
76 feet. Whether or not such a decrease in the available width of the 
lock is justifiable in view of the disadvantages it would occasion to 
commercial traffic, the author does not know. In fact the author has 
no idea, whether installation of floating fenders in the larger lock 
would affect boat handling procedures there enough to produce a signifi- 
cant decrease in maximum transit times, nor can he conceive of any 
rational attack on this particular problem of other than an orperimental 
nature. If the installation of floating fenders in the large lock should 



ever be considered It might be possible to gather data on the desirability 
of this move by noting the increase in cycle length cccasion when boats 
passing through the small lock were forbidden to use these fenders . With 
this data in liand, xmdoubtedly some sort of an approach could be made to 
determine if such an installation in the large lock would be justified. 

The final type of modification of existing lockage facilities which 
will be considered will be that of increasing the length either of the 
present large lock or of the small lock or both. The author does not con- 
sider any such inci’ease in length either desirable or Justifiable, or even 
to be a valid line of attack on the problem. In fact, none of these alter- 
natives will be included in the numerical analyses which constitutes the 
latter portion of this report. 'k)irie Justification however, must be made 
for this exclusion. 

There are several factors which militate against the feasibility 
of increasing traffic capacity by increasing the length of the present 
locks. One of these is cost. It is very liloely that it would be Just as 
expensive to increase the length of the present locks as it would be to 
provide an additional lock having the same capacity; whereas the increase 
in length would not provide the flexibility of operation that wo\ild be 
provided by an additional separate facility. Also to be considered is 
that the minimum transit time would be increased. If either of the locks 
were lengthened, c .her dimensions rersaining the same as at present, the 
Increase in water required for a lift or lowering would be exactly propor- 
tional to the increase in length. Earlier it was seen that the already 
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small mlnimiun transit times could probably not be reduced significantly 
by increases in the water handling capacity of the hydraulic system. This 
situation would not now hold true, \fliile it is not certain that the in- 
crease in mlnimian transit time would be exactly proportional to the increase 
in length, these times would doubtlessly increase significantly. In addi- 
tion, since the number of additional vessels that could pass through the 
locks during a transit would be more oi* less proportional to the increase 
in length, boat handling and administrative problems would also increase 
Just exactly this much. The net result would be that the maximum transit 
time would probably rise more or less in proportion to the increase in 
capacity. The result of this would be that not only would total traffic 
handling capacity not be increased, but that the actual total vessel-hours 
of travel time required for passage would be enlarged rather than reduced . 

When we increase the length of the small lock, what we are doing in 
effect is to convert it from a "small" lock into an "intemediate" lock. 

What is the point in doing this when two different sizes of intermediate 
lock are in fact already available due to the placement of the center gates 
in the existing large locks As a final word on the unfeasibility of length- 
ening the present locks, consider the following proposition: replace the 
present locks with a dam and single lock gate at the Shilshole Bay end of 
the ship canal and a dam and single gate at the Lake Union end of the canal. 
We would now have a lengthened lock chamber capable of holding several 
thousand vessels . With this lengthened chamber we could accomodate an 
entire day's traffic simultaneously. (Tne greatest number of vessels ever 
handled in a single day was l,l89 craft on Labor Day 1957 •) 
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The traffic handling capacity of this imaginary lock chamber would probably 
never be exceeded but imagine the plight of a yachtsman asked to wait a full 
2k hours to complete a single passage through the locks. This is of course 
an extreme example^ yet this is the sort of thing we are doing when we in- 
crease the length of the present locks, although on this much smaller scale 
the effects are not nearly so obvious. In making such an increase we would 
undoubtedly be increasing the capacity of the locks per transit, but we would 
be doing so by Increasing the total transit time required to complete a 
passage. Increases in traffic capacity would have been gained at the expense 
of the user, which is precisely the opposite of the effect we are trying to 
achieve . 

Conveyor Belts and Kbrlne Railways 

This category includes all those devices which would increase the 
traffic handling capacity of the locks and reduce transit time past the 
locks by enabling vessels to pass directly over the dam without passing 
through the locks themselves. These devices constitute a valid attack 
on the problem of reducing congestion in the ship canal since their cost 
will tend to be defrayed cr obviated by the benefits to the public that 
accrue in the form of reductions in travel time. The most serious general 
objection that can be brought to bear against this class of devices is that 
the rates at which they can handle traffic tend in general, to be rather 
low. An artist's conception of one such device, a conveyor belt (3) for 
small boats, is shown in Figure 8. 
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Note in this figure that there are two lanes of traffic, one each 
way, that the belt slants up out of the water and over the locks and (al- 
though not shown) must pass into the water again on the other side of the 
locks. Any marine railway or conveyor belt system would have these general 
features. Provision would need to be made for traffic in both directions, 
subaqueous supports would be necessary either side of the dam and a center 
support would be necessary at the dam itself. 

Marine railways (or shipways) are a traditional means of moving 
vessels over obstacles . A marine railway installation at the locks would 
employ wheeled boat-carriers (cars) running on rails. The rails would of 
necessity run into the water deep enough on either side of the dam that 
vessels could still be floated into position above the cars, even at the 
lowest lake level or state of tide to be expected. When a vessel is in 
position above a car, necessary docks would be adjusted to fit the craft 
and then the car and craft would be drawn up over the dam to the ether side, 
the craft floating free again as the car passed once more into the water. 
Since the tracks, both up and down over the deim, would be a continuous oval, 
the car would then continue around and either pick up a vessel traveling in 
the opposite direction or be passed over the dam to the ether side empty. 

The most notable feature of marine railway cars is that boats are 
supported in them by means of chocks and pads. Since there is an almost 
infinite variety of hull forms, these chocks and pads must be fully adjust- 
able and must be adjusted to fit each individual craft as it passes from 
aqueous support to the support of the railway car. This adjustment is a 
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time consuming procedure. It is difficult to conceive of a vessel being 
positioned over a car, the chocks and pads being adjusted and the vessel 
being lifted clear of the water in less than 5 minutes. Ten minutes would 
probably be more likely. If such were the case, the traffic handlin.g capa- 
city of a marine railway would then be between 6 and 12 vessels per hour 
either way. Since the small locks have been known to handle as many as 
vessels per hour, a capacity of only 6 to 12 vessels per hour would 
seem to be rather small. Considering that at any one time the majority 
of traffic passing the locks is traveling in only one direction, it would 
require about 3 lanes of marine railway, plus one return lane, a total 
of 4 lanes, to match the capacity of the existing small lock. Now consi- 
der the transit time across such a facility. If it takes 5 minutes (a 
very conservative estimate) to adjust the chocks to a vessel and lift it 
clear of the water, another minute for the vessel to pass over the dam and 
then another minute to get the vessel clear of the railway car and floating 
free, a single trip would occupy about 7 or 3 minutes. This is a great 
improvement over the transit time experienced in passage through the large 
locks during times of heavy traffic and Justifies further investigation of 
such an installation in spite of its low traffic capacity. 

One other factor that must be considered about the marine railway 
is that it can be adapted to handle very nearly any size of vessel. 
Reference to Table 4 shows that the average length of pleasure craft in 
Seattle was a little ever 33 feet. Tliis same table shews that even among 
the larger classes of pleasure craft, (cruisers and large sailing craft). 
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the average length is under Uo feet. The suggestion implicit in this is 
that a marine railway could accomodate by far the majority of all ciaft 
now passing through the locks. For these reasons the feasibility of a 
marine railway installation will be considered as part of this thesis. 

A conveyoi’ belt (8) of the sort illustrated in Figui'e dees net 
have the limitation of chock and pad adjustment that was imposed •pon the 
marine railway. This type of installation hias a different limitation. 

Craft passing ever it must be almost completely flat bottomed. Craft hav- 
ing large skegs, struts, screws or keels, as have inboard motor craft and 
most large sailing craft, could not possibly pass over a conveyor belt of 
the sort shown in Figure 8. Craft which could pass over such an installa- 
tion would be outboard or outdrive motor boats (the motors and/or propeller 
units can tilt up to where they are completely out of the water) and small 
sailing craft (most of which iiave retractable center boards or leeboards) . 

In order to use such a facility, a motor boat or sailboat would 
simply maneuver until it grounded on the moving belt, was lifted out of the 
water, up and over the dam and back down and into the water and floated free . 
Boats could come onto the belt one after the other as rapidly as possible. 

A trip past the locks via such a device would probably occupy no more than 
3 or 4 minutes, and since boats could be handled one immediately after the 
other, a one-way traffic capacity of as m\ich as 60 vessels per hour could 
be realized. 

Inspection of Table indicates that outboard motorboats and small 
sailing craft combined total only about 23^^ of the total boat population . 
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Nevertheless this sort of an installation is considered by the author to 
hold enough promise to be worthy of consideration herein. 

One conceivable extension of the conveyor belt idea would be a 
double conveyor belt with a separation between them, possible slanted in 
to fonn a V.. Such an arrangement might possibly permit transfer of inboard 
powered craft and larger sailing craft since the screws, struts, skegs and 
keels could then protrude down between the two belts . Unfortunately there 
is no guarantee that such a belt would support a large craft over great 
enough an area to prevent damage to the hull. In short, such a belt would 
not necessarily conform to the hull of a vee-bottomed or a round -bottomed 
boat in the way that a single flat belt would conform to the hull of a flat- 
bottomed boat. This problem however, is a design problem and not an economic 
one. Since this thesis is intended to consider problems of economics rather 
than of design, some consideration will be given to the economic feasibility 
of such a double-belt system. 

Construction of Additional Locks 

The last category of possible measures to alleviate congestion 
that we shall consider will be the construction of new additional locks. 

This solution is the one that Instinctively comes to mind when one con- 
siders the problem of how to reduce congestion at the locks. Obviously, 
building another lock increases our capacity to move vessels past the lock 
complex. Our reasoning has already indicated however, that sheer increase 
in capacity to handle vessels does not necessarily confer any benefit upon 
the public. It is difficult to Justify any expenditure of public funds 
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unless some benefit accrxies to someone. In order for such a benefit to 
accrue there must be some increase in the convenience to lock users. The 
obvious benefit is reduction in travel time to those transiting the locks. 
Implicit in our previous discussion of the effect of increasin,; the length 
of the already existing locks was the suggestion that the more vessels that 
are locked through simultaneously, the greater the boat liandllng and adminis- 
trative time involved and the greater the transit time. Tills would mean that 
in order to achieve savings in travel time, lock groups should be kept snail . 
This would suggest that the most beneficial sort of a facility would be 
another lock of the same size or even smaller than the present small lock . 

We now have a number of conflicting criteria bearing on the problem. 
We have seen (Figure 6) that we may expect upwards of 57,000 pleasure craft 
to arrive at the locks in 1970, and this is a relatively short range projec- 
tion. A new facility must be capable of handling the traffic load of this 
period as well as being able to perform a useful function under the traffic 
loads of 10 to 20 years hence. This would tend to influence us towrd selec- 
ting a larger lock chamber in our proposed facility. Simultaneously however, 
we must not forget the problem of water usage. Will enough water be availa- 
ble from the Lake Washington water shed to handle this traffic load? A 
larger lock chamber, even at shallow draft, tends to use excessive water, 
particularly during those lockages in which relatively few craft are passed 
through . 

This problem of selecting the correct size for an additional faci- 
lity will be considered in detail in this thesis, and the selected type of 
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new facility analyzed for its economic feasibility in conjimction with 
the other types of congestion reducing proposals under consideration. 



CHAPTER IV 



THEORY AND METHOD OF ATTACK 
The Economics of Public Finance 

It is a generally accepted dictum of public finance that the bene- 
fits acciming to the public as a restilt of expenditures of public funds 
must be greater than the amount of those funds expended. This principle 
is basic and has received almost universal acceptance. Perhaps the best 
known and most universally used technique for comparing the benefits accru- 
ing to a project with the costs incurred by it, particularly in the econo- 
mics of transportation, is the benefit -^cost ratio, and it is this technique 
that will be used in the economic analyses of this report. 

Benefit/Cost Ratio 

In its simplest form, the benefit/cost ratio may be stated as 

follows ; 

(l) Benefit 'Cost Ratio = B^C 

This relationship is equally true no matter whether benefits and costs are 
calculated as total accrued and incurred benefits and costs over the entire 
service life, benefits and costs per annum at any point during the service 
life, or as the present values of benefits and costs to be accrued and in- 
curred in the future. That is to say, that when dene properly, precisely 
the same numerical results are obtained no matter whether the calculations 
are carried out upon an anticipatory end of service life or annual basis. 
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Since the calculations tend in general to be somewhat simpler, the bene- 
fit-cost ratio will be calculated on an annual basis herein. 

In a somewhat simplified form, the cost of building and operating 
a public facility might be expressed as: 

(2) C = PR 4 M ^ 0 

where : 



C * annual operating cost 
P =r invested capital 
R a capital recovery factor 
M = annual maintenance cost 
0 = annual operating expenses 

that is, the annual cost of operation is equal to the cost of amortiz- 
ing the investment plus the cost of maintaining the facility (repairs, 
preservation, etc.)> plus the annual operating charges (labor, costs, 
fuel, etc.). The composite equation, restated is; 

^3) = PR + M + 0 

This statement of the benefit '^cost ratio, while quite reasonable 
and simple, is not usable in this thesis for a number of reasons. The most 
serious of these is that the author does not feel competent to estimate the 
cost of any of the proposed facilities. In addition, there is very little 
way of knowing, except within rather wide limits of error, wliat the cost of 
maintaining and operating one of these facilities would be. Various simpli- 
fying assumptions must therefore be made. The first cf these will deal with 
maintenance and opei-ating costs . 
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It is reasonable to assume that the einnual cost of maintaining 
and operating a facility should not exceed some reasonable percentage 
of the invested capital. Another way of stating this is that if a faci- 
lity has a relatively short service life, the annual cost of araortiration 
may be quite high in comparison to maintenance and operating costs; where- 
as a facility having lengthy service life may have maintenance and operat- 
ing costs considerably in excess of the annual cost of amortizing the 
original investment. In both cases however, the maintenance and operating 
costs coiild be thought of ns being some percentage of the original invest- 
ment. If this percentage were assumed to be more or less constant, the 
benefit/cost ratio could be restated as follows: 



One consideration favoring the rationality of such a simplification is 
that various types of facilities obviously differ one from the other in 
their maintenance requirements . Such a differentiation can be accounted 
for by assigning various values to the maintenance factor k. This proce- 
dure will in fact be adopted herein. Obviously, those proposed facilities 
such as marine railways and beltways, having numerous moving parts exposed 
to the action of salt water, might be supposed to have a greater relative 
maintenance requirement than a masonry structure such as an additional lock. 
The various values of k that will be employed in this report are tabulated 
for convenient reference in Table 7 along with other appropriate economic 
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where : 



k = maintenance factor 



constants . 



6o 



Even the above simplification does not eliiainate the problem of 
our inability to estimate the principal that must be invested in order 
to construct one or more of the proposed facilities. We do know however, 
that if a facility is to be marginally useful, that is if the benefits 
accruing are only exactly as great as the cost incurred, the benefit 'cost 
ratio will be exactly equal to one. Rewriting our expression for benefit'^ 
cost ratio with the included additional criterion that the facility must 
be at, least marginally useful: 
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J = (l/R-k) B 
K = l/R - k 



J = KB 



where : 

J = justifiable cost 

In this series of equations, the symbol J has been substituted for the 
symbol P. The thought behind this is that in previous expressions, P 
represented the actual cost of an actual facility. In equation 6 and 
subsequent expressions, the symbol J is used to symbolize a justifiable 
cost, " which may be either more or less than the actual cost, but is the 
maximum cost at which the facility wo\ild be economically justifiable, that 
is, marginally pjx)fitable. The critericn for actually constructing such 
a facility then would be: 



( 9 ) 



J>P 
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TABLE 7 

ECONOMIC CON3TANT3 AND FACTORS 



Facility 



Factor 


Marine 

Railway 


Marine 

Beltway 


Additional 

Lock(s) 


k 


0.15 


0.20 


0.10 




5^ 


5^ 




n 


25 


25 


50 


R 


0 ,0710 


0.0710 


0,0548 


R+k 


0.2210 


0.2710 


0.1548 


K m 1/R+1c 


i^.525 


3.690 


6.460 
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The facility should be built whenever the Juatifiable cost of the facility 
is equal to or greater than the actual cost of building the facility 
granted that no more advantageous use of available fxmds exists . In 
addition it will be noted that in equation 7 the quantity K is defined 
as the reciprocal of the sum of the capital recovery factor and the 
maintenance factor. This factor K is of course dependent on the interest 
rate and service life associated with the facility as well as upon the 
relative rate at which the facility will require maintenance, and will be 
unique for each installation. 

Interest Rate and Service Life 

At this stage in our reasoning we are brought to a direct confron- 
tation with the problems of interest rate and length of seirvice life. There 
is a general, although not by any means universal, agreement among authori- 
ties in the field of public finance that Interest must be considered to be 
charged on funds obligated to public works. As to what rate of interest 
should be cliarged there is no agreement whatsoever . Arguments have been 
advanced in favor of using Interest rates as high as 15 or 20 percent. 

A very strong case can be made for the use of interest rates between 5 and 
10 percent. On the otherhand, it is an obvious fact tliat governmental 
agencies are actually paying interest rates varying between 2 and 5 percent 
on monies they have borrowed. In this thesis em interest rate of 5 percent 
will be charged on assumed investments. Tliis is reasonably liberal, that 
is to say it favors expenditures of funds to a greater degree than would 
some higher rate. At the same time it is certainly a more realistic figure 
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tlian some minimal rate such as the 2 to 5 percent charged on government 
bonds, and much better than charging no interest whatsoever. 

Just as the selection of interest rate was based on Judgment, so 
too must a judgment be made of the service life we may expect from the 
various proposed facilities. The necessity for this is obvious. V/hen 
the cost of a facility must be recovered over a relatively short period 
of time, the annual cost of the facility may be quite high in proportion, 
even though the total invested capital may not be as much as tliat required 
for some other facility having a longer life expectancy. In making this 
judgment of service life we select either the physical service life of the 
facility, or its life of economic utility, whichever is the shorter. It 
is ridiculous to assign a service life of 50 years to a facility which 
will be economically obsolete within 20 and conversely one may not justify 
a service life of 50 years on the basis of continuing economic utility when 
in fact, the facility will physically disintegrate before this term is 
filLf illed . 

In the specific instances at hand, we have several facts to guide 
our judgment. The first of these is the demonstrated fact that the present 
installation at the Hiram M. Chittenden Locks has already had a physical and 
economical useful life of nearly 50 years. Quite obviously an additional 
lock would have a physically useful life at least this long. Unfortunately 
we are not so sure that the economically useful life of an additional lock 
would be this great. Based entirely on the fact that pleasure boating is 
on the increase, the author feels that using a figure of 50 years for the 
service life of an additional lock is within the bounds of rationality. 
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All of the ether proposed methods ■ f reducing con.^esticn at the 
locks which are under analysis here, are of a type wiiicii we instinctively 
feel will have a considerably shorter service life than a nasenry str.’cture. 
torine railvsiys and beltways, have numei'cus mechanical and metallic parts, 
and in the case of the beltways, the beltiut; itself is a rapidly deterici*at- 
intj material. Gince all of these parts and materials will be cc ntinually 
subjected to severe use, weathering and the corrosive action of saltwater, 
the author feels that a practical physical service life of nc' 'reater than 
50 percent of that assigned to the masonry structure may be expected of 
these types of installations. In consequence of this, a service life of 
25 years will be used for all facilities other than the proposed additional 
lock . 

It would be well to mention here that in making these estimates 
of interest rate and service life, the author is taking no undue liberty. 

In all varieties of economic analyses, with the exception of a very few 
limited cases (such as facilities built with the proceeds of a bond issue, 
and facilities of a type having a well-established service ]ife), these 
values are based on judgments made by the analyst. 

Now that an interest rate and service lives have been settled upon, 

the capital recovery factor R may be taken from any standard table .f ec; - 

ncmic series. Values of the capital recovery factor tliat will be associated 
with the various facilities under considea*aticn are shewn in Table . Als 

in this table is shown the summation of the capital recevery factor and the 

maintenance factor for each facility and the calculation f iC, th.e ccnstmit 
defined by equation 7 and appearing in equation . 



Determination f Eenefitn 



So far in the development <i cur approach to uenefit'cost analysis 
we have net touched upon the qi estion of calculating the benefits tliat may 
be expected to accrue throu; 5 h tne installation of some rew faciliuy. One 
approach to the calculation of these benefits commonly used in benefit 'cost 
studies of land transportation facilities is : 



(10) B = WAt -I ah 

where: 

\! = willin;jness to pay for tLme savings 
At = time saved 
Ail = savinj in eperatin^i; costs 

The benefits here are censidered tc be conpovonded fivm these benefits 
tiiat accrue due to savings in the time necessary to travel from an origin 
t a destination, and those benefits tliat accrue due t' a lessening of the 
actual cost of operating vehicles on tliat facility. -ince the quantity of 
time lavings is usually easily calculated, the total time iavinje are ex- 
pi'essed as the quantity cf time saved multiplied by a factor sometimes 
called the v.'illin^piess tc pay.” Tills "willingness to pay is the worth 
cf the public’s time exclusive of any c< nsideraticn 'f the vehicular ..rerat 
ing costs. Another and perriaps better way cf putting this is to say that 
this is the aiuount of im ney that the raticnal economic n.eui should be wlllin 
to pay for an hour's saving in travel time. The tem representing saving 
in operating costs that appears in equation 10 is usually assumed to be 
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principally dependent upon tne distance that is saved y installing a 
new facility. In actual rractice, tenefits counted under this term are 
usmlly fuel savings. The author feels tiiat such a state'r.ent, while 
adnlrable for its simplicity, dees not reflect completely the true state 
of affairs . The cost of operating a vehicle is not due to fuel costs 
alone but is a combination of fuel costs, lubricant, general repair, 
spare parts, depreciation on original investment, insurance costs, and 
miscellaneous expenses. Of these, very obviously fuel and lubricant con- 
sumption depend on the distance traveled. Depreciation, insinrance, general 
repair and spare pai*ts also should, in general, tend to be some function of 
distances traveled. Since the actual savings in distance traveled are a 
function of the time savings, given some average velocity, all quantities 
involved in expressing benefits must be some function of the travel time 
involved. TiiiG general concept is expressed by equation 11. 



( 11 ) 



B = W t + At-f ( AM, AF, AD, AI,G, AL) 



vhere : 



A M = savings in maintenance costs 



A F =5 fuel and lubricant cavings 



A D = savings in depreciation 



A I «= savings in insurance costs 



= average speed of travel 



A L 5* savings in distance 



then : 



( 12 ) 



B = At-f (W, M, F, D, I,f, L) 



I*” ve acce‘. t t. io .cn vc r.a.* t acce;^'t t.ie fact t ,e ocne.. :n r 

be expressed as tr.e savin. in trc.ve^. tine nniti] lied by 3c i.-ic x’lir.ctxcn 
tlie villinpiess tc pa / for tine savin 3avin.^*s in r.aintenance cssts, 
fuel savin:;3, savin ;s in deprecia ticn^ insurance, aveiTi^e sneed and sav- 
ings in distance traveled as shevr: by equation 12. Tliis ixitber corsnlcx 
function must then equal the cumulative value of time savin js c. the public, 
includin,^ all considerations of she v.:rth of tine itself as veil as vehicu- 
lar cperatins costs, etc. 



(13) 

where: 

then: 
{Ik) 
and : 
(O) 



V = f (V^ M, r, D, 1.) 



V - the value of time 



B V^^t 



J = KVAt 



This leads tc the conclusion, expres^eu by equation 1^^, that all benefits 
accruin .5 to the nev facility may be e:rpi'essed as tne quantity rf time 
savings multiplied by the -/a\uc of time tc the public. Wl:ien uliio expression 
for benefits is substituted into equation the ex^ressicn slicwn as equa- 
tion 15 results. In this equation the J\istif able costs of a nev facility 
is equated to the product of the time saving realised through the facility, 
the value cf time tc the users cf the facility, and a factor dependent upon 
interest rate, service life, and relative maintenance costs. 



This is the 



final form t’nat the expression of oenef it 'cost emalysls shall take in 
this thesis. 

Values of the factor K are already available in Table 6. T/ie re- 
maining tasks of this thesis, as far as evaluating the econcnic feasibility 
cf the proposed improvements at the Himm H. Chittenden Ixc'.-.s, are to 
establish the numerical values of the tvo factors V and t. 

Method of Attack on the Value of T:'me 

Whet is the value cf leisure time'’ Very often when a man engaged 
in some leisure time activity is asked this question, he will blithely 
reply "nothing.'' Is this true? Is leisure time worthless? If so, we 
should be willing to give up cur leisure time, devoting these worthless 
hours to more productive pursuits. Yet how many people would be willing 
to give up these hours that they c nsider to be worthless? 

Even during the productive hours of the day, the value cf tine is 
difficult to establish. The fact that a man is paid a set hourly wa^e does 
not mean that his time is worth precisely that. A man rust '.-et' m to his 
employer some additional value over and above his wa ’e if he wishes to 
remain in that employ. We might then say that the man's time is wirth 
his wage plus the profit he produces for his employer durin- the period 
of tba,t wage. Under any circumstances we have established this value by 
use of the marketplace" techniqi;e, that is using the act-ial mcnotai-y 
sale rrice of laboring time in the open employment market. 

It v;ould be difficult to apply this method tf leisure tire. There 
would certainly seem to be no way of attaching a dcilar a.nd cert val\ e tc> 
time spent in ccmrlete idleness. This problem, wiile er aps inscli-ble. 
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ic at least not iinapproac Liable . VTien men yxy lar^^e sums c>f mj ney t^ 
purchase elaborate equipment t< assist ther.t in the en^Vyt^.ent 1 a rej.ativel/ 
fev hours of leisux*e time; the inind instinctively leaps to t _e eonclusirn 
t'lnt these men must consider their leisure tine to be quite valuable. 

Fortunately perhaps for the pui’-ooses of this irivesti ‘ation , the 
value of leisure time to those vhu choose tc. spend this tine enpa.^^ed in 
yachting and water sports is bounded by a few definite parameters. Ti.ese 
pec'le spend some definite amcunt ci*' money cn the -^'ods and : ein,n*.ces t'nat 
enable them to enjoy these pursuits; and they spend seme dei’lr;: n. n‘i;er 

of hours actually engaged in enjoying the fruits of t icse aunendit'ires . 
we are immediately led to the ccncliusicn trat if for any particular yachts 
man, we divide his total expenditure for boating gr 'ds and services ^y the 
total annual time he spends engaged in boating activities, ve w. uld have 
for that particular ?ndividual on index representative of the value he 
pieces cn his leisure time. If this were done repetitively for a le 
large enou>gh or of such a corripcsition to be represen 'sa ^ive of t;.e general 
boat population, we could develoo a figure indicat’ve ^ the "ml:e time 
to the average bo-ating enthusiast. 

Let us now consider the case : f a yachtsman who, liaving ex ended a 
considerable amount of money to pio'chase a boat, accessories^ f\>el, moora-^e, 
etc., is denied the use of this investment for seme reason ^r .tier. Let 
us for instance consider the case ^f the ^'aclitsman, n -orei in Peruage ^ay, 
who wishes to spend a .Sunday efternoon cruising Puget Inmd . If there were 
no other boats waiting at the locks, ne mi ^lit reascnabl/ e^r.^ect t( be ; assed 
out through the sinall lock in freru 5 to ID minutes, '.'hen '*e retunij that 



ne ex-ect an ther 



nijht, if there were no other traffic present, 
quick trip through the locks back to his moorage. For a four or five 
hour cruise on Puget ocund, he might then e:cpect to spend 15 cr PO rini^te.., 
5^ or 6 ^ of the total time Involved, in passing to and fr<r,n thr^'ugh the 
locks. (There is no need to consider the time involved in transiting the 
ship canal since he would have to travel t'is distance even if the lakes 
and Puget Sound were at the same level and no locks in between). Let us 

then turn from this idyllic picture to the actual situaticn. Lecavse of 

the heavy concentrations of traffic at the locks on ’unday afterr'c ns and 

evenings, cur yachtsman will most probably be forced to use the lar ;er 

lock, spending perhaps an hour and a half traveling either way. h <r 
yachtsman is now spending as much as of his time transiting one Icck^-. 
Instead of 15 or 20 minutes bein.s taken up by these passages he nuct s:. eiid 
3 hours there. Tiiis is an increase of over 2;1 hours. 

Now consider the motivation which ('riginally 1 r. mpted this yac' t - 
man to seek passage through the locks tc Puget "cund . .as he prineixaily 
interested in the placid pleasures cf salt-water cn ising, ■ r aid he wise 
to pass throu(;h the locks because he lilces to pass thrLUgh locks'!' It s 
very doubtful indeed if our yachtsman seeks to pass thrci gh the Ic cks siiTi- 
ply to experience maneuvering the cz^aft to keep from bein^ joctled, bumped, 
or even rainmed by some 50 ether boatmen. For most r irpcses, the ilne t‘.at 
a yachtsman sx>ends at the locks are a total loss. tverv minute there is a 
minute in which he is unable to enjoy the recreaticn is really seeking. 
Excessive delays in p'assing through the locks represer t a distinct dis- 
service to the yachtsman. Since we can easily demonstrate that the average 




1 



71 



yachtsnan spends some given amount of money pex' hour in pursuit of his 
sport, it v/ov’ld certainly seem reasonable to assume that when he is de- 
layed an hour in passing through the locks, the dissei*vice he is thus 
occasioned is at 3.east equivalent to this amoumt. 

Since the method of qv.antifying the value of time used herein, and 
consequently the accui*acy of any nui^erical results produced, is dependent 
upon this argUxiient, it would perhaps be well to state it mere formally. 

Such a statament is as follows; 

(l6) = e^/t^ 

where: 

V. = the value of time to some individual ^chtsman 
1 

= expense of owning and operating his spiecific vessel 
= time spent in using that vessel 

This equation states tliat the Talue of tine will be considered as approxi- 
mately equal to the total expense of owning and operating a craft divided 
by the number of licurs spent using biiat craft. K te tnat we say that the 
value of time Is only approximately eq\al to this function. Referring back 
to the derivation of equation l4 it ray be seen that the value of time is, 
as defined herein, a function cf the willingness to pay for tine savings 
as well as being a function of those factors w}.ich contribute to the ex- 
pense of cwmership and egeration. Obviously no consideration is given to 
the willingness to pay for tine savings in equation In, and for this reason 
the value of time can be only considered to be apru ximated ly the pr.cedure 
of dividing expense by usage tine. 
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Statistical Ntethodology 

Thus far In our development of a methodology' for quantifying the 
value of time, ve have settled upon an expression (equation l6) which will 
permit us to calculate, at least approximately, the value of time to on 
individual yachtsman. We have also mentioned tliat if calculations of this 
sort were carried out for a large enough sample of pleasure craft to be 
representative of the general boat population, then it would be possible to 
develop by some statistical method a measure of the value of time represen- 
tative of the general population of pleasure craft in Seattle. It is 
therefore appropriate for us to now give some consideration to statistical 
methodology and to what statistical measure will be used to indicate the 
value of time to the general boat peculation. 

The idea of using an average or mean value iranediatcly lea’^s to 
mind. This is in fact what we will do but ve will use a weighted overage 
rather than a simple one . 

Consider the case of two boat owners. Both of them spend identical 
amounts each year to cwn and operate their craft, but the first one (owner 
A we shall call him) operates his vessel t ne thousand hours a year in com- 
parison to owner B who operates his only^ cne hour each year. Two facts are 
immediately obvious. First of all ovmer B must be assigned a value of time 
a thousand times as great as that which will be assigned to owner A in 
accordance with the expression we have developed to express this v'alue of 
time. Secondly, we see that owner B contributes to the general traffic 
pattern only one one-thousandth of the amount contributed by owner A. If 
we were to take a simple arittimetic mean of the value of time to these two 
owners, the figure thus obtained would be heavily influenced by the excessive 
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value of tiJiG to craer B uho c ^nuributes i^nly ne^li :itxy tc t. e traffic 
problem, and vhc by inference v.^*ll receive ^ nly ne^li^ible benefits from 



the installation of any facility U relieve traffic con^estbn. fc c' - 
viate such cm anmicl'^ras situation and tc insi re that the fi r.re developed 
for the val\ie of time is truly representative this value , the user, 
the ccntrib\iticn to the congestion problem. This could be d ne b/ r-vlt:i~ 
plying the TOlue of time for each vessel investigated, as calc elated by 
equation lo, by the ar:ioiant of time tha.t each .\rner q)CiidG c.:ng r.hat ves.el 
These individually vcighted values of tljne could then he r>'ur.r:ed up and 
divided by the sum c:f all usage tines reported, thus prcducin; an apprvpri- 
ately weigiited fipure for the value of time to the general brat ?latl.n. 
Tlje matherriatics of doing this are as folic vs: 



(17) 


2 5 • ih 

V -L X 

vn T. 

1 



where 





V = wei.;jhted mean valne cf time t< the .general 
boat population 


but: 


V, = E. 'T. 
i 11 


then: 


V = iuUi 


(I3) 


V - 

2? h 



From these raanipulations ve may see tiiat it will never actuall^^ ce necessary 
to calculate, by means of equation l6, the value f time t. nnv indivi^ ial 
yachtsman. Instead we merely need to s\mi up all ^ wnershii and peraticnal 
costs for the vessels under consideration and then divide t*.er by t^ e total 



’CQ.;e tl'r.G Ter tue 'ar;,e vessels, t. e resi \t f t!*is .)ei'atlcn telng a xi’cre 
apprep riately VGi~hteci for eac.; ve:-.sel' ; centributien tc, the traffic pr< blem 
and representative .'f the mean value of time to the general boat population. 

Kethrd ..f Attack on havin ;s ■ n Travel _Ti£]e 

In eq''ation 15 the Justifiable cost of investment in a facility 
vas held tc be equal tc the product cf a constant nvltiplied oy the value 
■'f time and then multiplied again by the savings in travel time thus achieved. 
Appropriate values of the requi.site constant ioave been calc lated and are 
available already, and we have established a nethodrlu.g^'- for quantifying 
the val .e cf time. Tlie only task yet x’enaining in cur ccn.sidci-ati n of 
thee ry necessary to this investigation is slic develc praent ::f a procedure 
fer establishing the icagnitude cf the tine oavinjs that wuld he cccasioned 
hy the instal].ati‘'n cf a new facility. 

The keys tc developing sucl: a pr' cedure lie firso all in the 
nature of the quantity we are seeking tc establis.h, and sec? ndly in the 
ovei-all traffic pattern and pjattem of 'peraticn cf the loc.cs. Tlie quan- 
tity we are trying to establish is the an:('’imt cf time that v-\,uld be saved 
by installation cf a new facility. The operative worvl hero is 'saved.' It 

would be conceivably possible fer us tc calculate the total travel time 
involved fer all vessels nassing through the locks in sen.e 'iven , eriod rf 
time and then recalculate the total travel time tliat would be cccasicned by 
the passage cf the same number of vessels during thc^ sar'’.e reriod 'f iLme 
through t'le leeks with the additicnal facility in 'place. Tl.e difference 
in these two qi;antities would then be the savin; in travel tjj-.e achieved 



by the Insta’’ 3.at:'. n of .ne ^ev faci" 't/. Tlie taab; e. ’at-'cel o:c res .i n -1 
this pr..cedi.re v.id. be: 

(19) A t = T - 

v;here : 

T = trtal travel tii.ie thrcu^l'i rresent 'acllit/ 

•= tc ta], travel tii.';e e>cranded lacility 

xlrjcre v; <0.d c.leari., l e ibt'e o. tl'^n :vC’' a fr: ced .ro ’f thr ':r-v*n:' 
in travel ti;ie were calcw abie directly. 

Li C....pter , when ^ per'atien.- at tie ]cc>-) v:ere i.ein: !.* :c* '3;ed, It 
vn: r.erti^::ed that yreat concer -ra cl. ra of trr.flic tend t' c jc r in t -e : 
mn'nlnp'.; aftern' cn.s * r.d eor":/ even Ln . 'i* *’eekerda and at ':d'’.73 and .liat 

t > acc'-modatc the:e neaka in tr?i’f ‘c, the .lar k-'c ^ ia pre:: ed into erv'ice 
when the rate arrivals e>:ceed i t*. c traffic handliaa capac‘ty f the mal 
lock. Tills pattern cf events pr.;vkle the c.ecc nd key to : or devel rer t f 
rnethcdclo’jy foe the qiiantif icetion f sav'n^s in travel tir.e. 'ven t‘\e 
mo.st c’-sua*' obseiMition of the records kept at Hirara h, Chittenden Locki^ 
shows -‘lai'ed -lately that there are very "ew ve ^els and v^rt'*" :/ re 

craft) 03^ viirp throrph the .locks between the ocurs " f midni p t and eif.t 
^ 'deck In the rrm'ny. Tae present '^.nsta'i lation Is rerfeefv adeq te t*. 
handle such ' "f-'eak traffic. Traffic passin;^ tnrou p in e:osanded fao.’lit' 
d '.rin.y the snr.e ff-reo'-: hoor ■ cc’^'d nch'eve absolutely nc oav*n^ ''n tr.*ve 
tir.e. In foot, tic iresent facilit'^'- is v'^depuate to ^'ond'e ’’'ll tsaff'c 
except thor:c \;h'ch ccur dvr.'’’n .3 the weekend -nd hr Idsy yc'^' ■ . I> n'r, ' 
peak hmrs there \x.uld be m necc -.slty for an,,'' trnffk-' ’''e t ie -'cv aadi- 



ional facil'ty. 



F 

'%e ..’ill c 'nriarx* ^he o •.* e nev’ Jec . r- ^ o 

jerlod of > t.rafr'c fiov. v; u~ J t. e vc". c] : c vac 

the additional fac.i^ity:’ -lonld t:ie/ le ve .jel^ t'^at n!d ..herv’*' ne *rve 
:ced the Gina 11 lock or which would ..t lenviae have ■ ed ohe '.ar'-^er 1. Ci' 
available imdcr the present arran C' ns' der ‘x. ^ '..'e "''^c t t' • t ^:r'o- 

sit time for the lar^e lock is alcT’t three tine:' thei rf ilr IJ l c 
under pea': trafr*'c Icadc^ it lec -Ji'ie': eviu\^> thct tie ve^-sei.s -'n' 

thivu'pn t}ie new facility le th e v;' ‘ch w. u ^ ,rhev’ :'-e *e f reed 

to ras throu:ih t}ie lar^^e l..ck v;ith ;ts acc.-CiT’anyln ; tir.c 'i 

'^GS^a^e* It nay be ' eeri then that tic nrinci^al effect 1 r-r. addit '* :ns]. 



facility at the locks ::cu'’d be to d \ain off tra^'^ c fr^ n 



iar;e ck • 



during the periods cf peal: operation, idnis ah.ipliihes nr a n^^rch ' 
calculation of sav'ny in ivave^ t're con'" ’-dcrac * y . ■'■r'ten. f 

crlculate the tctr“' t^ne -"f trMi'it c:r'ericnccd ly ev^-r/ vc : .c • ' : 

tircur;h every portion both r’ t^e re ent I'cl: fsc’l'i c * nd c/c < 
i'ck facilities i.nd thei to deterciine the diiferer'ce "o'r.’co- t* ^ 
new need to ccri; *dcr 'nly th se ve ^ -el" vi'-'cn ^re d‘ ;ocs / ’^)ic ytei 

the addis''"'nal ca^'acity t : :rve tr''ff *c. 



.;.o 



tr 



nde!. 
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hlien equo ticn Is revised t-' inc' r^cri t' t t'orceti. ti.e I'e- 



suit is: 



'2n) 



A t = 



1 



t.) 



p = nber cf ve .ael o divert- i 
to nev; laci 'ty 



t^= tinie i’oq'ired r a arc n ‘t 



no 



c 



:c 



• oc t 



L 




. = t'.jae '\red I’or c trnr ..t v' ^ ,e nev; 

^ frc: ity 

Tl'iio eqviciticn 'L te;. thf.t the sr.v'n: :n tr/^ve ' tir.e \ay \ e : ted ' ■/ 

m.ltiplyin,j; the difference betveen the tine req- ired ”..r r •:ln ; e tr*:n t 
f the ar ;c .cch rmd tliat req- 'red r a oln^ie trrn:Jt h:e - dd’ti nr 
facilit/ by the r\‘x:rt)er -f ves.se '3 d: verted f r" the r r :e '"'jh tc. V'e rev 
facility. h*.n:e all the q^:..antit"e ’nv. "ved In thru e::i res 'cr r.i'e rea *(;r- 
ab y/ e' eraentar./; hii' approach is c. early .;>‘.niJer than n 1: ''.eo n 

tr-'ve:. times for ail ves^3el^ assii. ; the pre.senr and e:rpanded fac'nlt'e^, 

-rJ i.s the method f 'Attach that r ’ i . .e ed erein. 

Heanired Dal:a 

Nov that ve have completed c"-r deve.c nent f .'-^r cheery ai.d *eth^ d 
f attach to be employed in the nvjmerica analyses inclderr. -^h i she • ’ 
it vould seen ve.'i to si.unmarize this i.etliod f attaci; and t " *st the t.,'- e 
f data th.at must be collected and evc^lrnted in order to prr. 'e c r ie.ecsed 
aT r.=ac!i. Tn the prcces.; f develc.; in*s eqrati n s’nce :r“ etusr.te' 
of the cost of iur rovenents at the lochs vn :• beyond the aut: r-»'’s ccpaoility, 
it vas concluded th-at any facility vh'cli V'". .d be at ' e«- • t ncrhnci.y profit 
able vould be considered Justified and that the numerical analyses herein 
vould be directed t\ t'\e deten.iinati -f cjie capiU'> ^nve.^tnent that ’.\i ;ht 
properly be incurred in the 'nstallaticn .f s\c:* o riarqlnrlly "i" i t: e 
facility. Tfevln : defined this capital rr.tloy for '' marginal y ir. f’trl e 
facility a:-, the histif^abie cost, It v;as determined tl : t zhl ' ‘ussif*al c 



cc St vr-'ld be eo' al to the product of a constant derendent p^'n .ei"v:'ce ^ U‘e 



f 







interest rates and relative raa’ntenDnce rcq 'rcf.eno var • • type- 
facilities; the vali’e of time t'_ tliO.'.c v'.ic vo Id benefit . r i.; t'r e rev 
facility; and the ar.ovjit cf t 'lce ;cved as a resrlt rf tie ncv in.;t''V'atic-n . 
Ifcvi.nq made necessary decisions concerning its i arf'rieters, the c nstant K 
was calculated for the varic '.s types of fac'litie. .’nder ccn ideroti sn and 
tabulated in Table . Tlie '-ndividuol va .ue cf time V., was then shcwii to 
be apprt'Ximately equal to the expense ,f -wnfnp and ooei-atinp a vessel 
divided with the time actually spent u..;lr.,p tlsat vessel and tl;c appr criate 
statistical mcasivre cf the value cf tiise to the .penera’’ beat ncpcLatlcn 
was found to be calculable simply by dividing the s’v of all v.Tier'hir '-nd 
operational costs by the smti of all i.oaje tiuies . F nal ly tie tir.ie savin;-, 
incident bo a new installation were shown to be dependent upon the num- 
ber (.f ves .els diverted from tne resent ^.ar;e lock t tie new I'acilicy and 
upen ohe difference between the t.Ir.c reu^’red f r a sir.-;.e :’..ii..:t t.in uyh 
the new ’n-'ta ■ ' aoi.--n c, compared t the nrc: ent 'ar;e 1 . c'-' . 

Tlic quantificat^ -n f the v; lue - i‘ t-rc vil'" 1 e . or c”’ ' 7 r oa;.'' i 
s sninrey of b'at nvner . 'r. tie teats e ai’ea. 'liese cvcuei’ ■. .. '.j .e q-'c t’. 'leci 
concer'' in.q •mxents they ..pend tc . ’-rchaoe :n''d .rerate tiei” cr' '‘Ui tl.c 
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F'rst, recLpd., at tl*e I: ran !I. Ciilttenden L c *2 vi ' ^ve t. 
in order tc deteraine the ien'^h of cine reojiired fcr o jr .: 
the Ir.r.'e locIcLi crd the nunber of vc'* >c1g i:lict vc ild ''e J ‘vg 
locko to a r.ew facility each year, beccndly^ it vnJl e nee 
calculate or eGtlnate the transit t’ .e ever each ' £ the -r * 
facilit.'C • Given these enterin'^ orjonents, it v1 1 >^e c-*. ^ 
late totai. annua], tine g^^v’jg by ne"’n.3 of equaui^jn h ' . lie 
then be re -subst:' t’’.ted in equation . 15 ; reivin': the .juot ' xMcV ' 
proposed lacility durin;_^ the tine >ericd vmder csnarderatiori 



he e rjohneo 
a:;e rt . *' 

‘ rt evi £ i*c« “ a • le e 
eorpry to e‘ther 
/, oed c d(li^''-na 
’ ) ie tc calcK-- 
e liy^xes mq / 
e cc. st Ci zl\e 
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U/‘i-JTIFICATICN OF TIH" V/^iUS JF TB^? 

Data Collection Procedurer; 

Very early In tie ccrrse x t::e invcsti '^aticn v' • . fcma the 
subject of tiic report, it beccrr.e ap arent t^ir.t wl.atcver ■ t. .cnatical 
ap’orcach vac eventually t^ be used, erne nr retar:/ vaB-'o vr • Id have V be 
placed upon the leisru'e hcru’c spent 'n the enjo:yrer:t ^ f ^-ratln ;. Tl.e 
development cf a tiieoretical basic f ^r c'rch a np artificer ' , -nd r n.ethr _ 

olo;yy for actually exec rtlny it, v;ere two cf the f*rGt tac’ : 'a'll.crtah'en . 
Thif thear already rrecented in th.e prcccdin : c’^apter. "ir'icr-ted that it 
world be nececcary tc deterr^lne ^ov ’"uch various ^^aentenen c' ent in order 
to cwTi, operate end mintain tlelr craft, and how many hour: year tney 

spend en jcyin ; there investments. Frh^\ire TA is a rerroduct ‘ or of t: e c\'es 
tionnalre reed for this purpose. 

F vqluatior. c.f 'iuertions and /^jisver^ 

Fi'Oare 9V contains a su:'r.ary of the author’s e .el^Jiatioo of V e a‘o 
quacy both of the ques ti:nna ’ re iced in condretint the 'vrvc'^ incident tr 
this investitoticn and cf the answer:, 'received frer tn'r -arvc'^ "ic vel ^ p: 
the usefr.lne.ss cf these answer^, if vho r-'bq esti.n' 'c''ed, ’ are 

evaluated as useless, unnecessary, . r redundant. .An add^t-^ nai d 'ui - 
questions are evaluated as beln^.^ ,f no u^e tc oh Is study. Tli-o r ean ■ tho'^ 
half of the questions asked ^'n this our\'’ey were obccluteiy .eaninpiess as 
far PC tine intent cf this invest^ ^aticn vcc cc'ncerued . 
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lAKE WASHINGTON SHIP CAl'lAL CONGESTION STUDY 

Are you interested in relieving congested conditions in the L^ke 
Washington Ship Canal? In eliminating delays In passing through H. 
Chittenden Locks? 

These problems are currently being studied' by D. W. Hamed, candidate 
for Master s degree at the University of V/ashington . Tlie paper that will 
result from this study will contain an evaluation of various methods of al- 
these problems plus some uniquely new prc'posals . 

This paper may well be the only publication available to public and 
private ^ 3 roup 6 interested in the yachtsmen's problems during the next 
several years . 

Help solve these problems I Fill out this questionnaire and return It 
to your yacht club or marina! 

Cuestions 4, 5, 6 end 7 are of extreme Importance and should be filled 
out with reference to vouchers and receipts wherever possible and to the 
very best of your knowledge elsewhere. 

1. Type of craft: (give brief description of hull types, sail rl-r, type and 

number of motors engines, etc.) ^ ^ 

2. Dimens ion. s: 

a. Overall length including all projections & overhangs in feet & in. 

b. Overall width including all projections & overxiangs in ft. & in. 

c. Overall height from waterline to highest projections in ft. & in'. 

3* Moorage data: 

a. Do you moor your craft in the water 

1 . All year 

ii. all summer with win ter .storage on land 
Hi. seldom, launch, and retrieve each trip ~ ~~ 

b. Name of body of water where moorage facility is located 

c. Name cf moorage facility 

d . V/hlch launching ramp do you use? ~~ 

e. Rate you are charged for moora.ger" 

i . per foot 

ii . are these per month, week, day or vhat'’ 
lii. Total_ 

f . Is your moorage covered? 

4. Date boat was purchased riew or used 

Hov; old if used ~ 

5- Cost of boat; 

a. Total original cost including all taxes, registration fees, value 

cf trade-in, etc._ 

b. ^jStimate cf present net resale value of boat (amount of money you 
would receive) 

6. Maintenance costs: 

a. Estimate of total amount of money spent during the unst twelve months 

fcr: ^ 

i . moorage 

ii. mintenance repair 

iii. fuel ' 

iv . out ^ water storage 
V. ta::es and fees ~ 

vi . launching & retrieval 



FIGURE 9 A 



b. Estimate of total amount cf money spent ail during time you licve owned 
this craft fcr: 

i. moorage 
ii. fuel 

ill. ma intennnce & repair “ 

iv. out of water stcrage “ 

V. taxes & fees 
vi . launching & retrieval 



W# S 






a. Estimate cf total n\unber of .hour. 3 you have spent underway on this craft in 
the past tv'clve mcnt'ns; 



b. Estiiriabe of total nimiber of !icurs spent imderway on this ci'af't during oil 
the time you have rwned it: “ 



Bridge opening data: 

a. Does your craft require any bridge to be opened for its passage? 

b. VAiich ones? 



c . Number of times each cf theoe has been opened f^ you during, the past 
twelve months ? since you have owned the craft? 



Lockage data 

a. Estimate of ^ cf underway time spent seaward of Ballard locks 



w ^ — '•-•A. ^ ^ 

Estimate of additional % of underw'ay time spent in transit to and from 
betw’een the locks and your moorage 



c. Is the center cf your boating interest to seaward of the locks? 
in Lake ':a.shington? Elsewhere? ’.^ere? 



V«Tiet is this interest? 



d. Estimate of average number of vessels inside the locks during a transit 
based >.;n yo\:r e:<perience 



e . 



MaxlmiuTi nurauer you have seen Inside i:he locks during a transit 



f. In you op nicn are the locks being used bo naxim’ur. capacity in tLmes cf 
heavy broffic'^ 



E.stimate of ma.:ii:iUii. number of vessels you have ever seen waiting to transit 
i . out throu.^h the locks 
ii. In thr'ugh the }.ocks — — 



Delays: 

a . Estiniote of t "tal n\imber of minutes delayed while waiting 

injs during la.st twelve months. 

b . . Estimate of total ni;Lt.'iber cf minutes delayed while waiting 

locks during La ;t tv/clve month.s . (not including time nctua 
raised or lowered). 



for bridge epen- 

in 3 ine at the 
lly spent being 



c . 



i-. going cut 

ii. coming in^ 

Nfaxiraura munber of 
(net cointlng time 

i. going jut 

ii. coming in 



minutes of delay you have ever e;<perienced nt tiie locks 
ojient being raised or lowered) . 



Are you con.iidering movin' to salt-water rnoo 
Aiat footers would influence you to move to 
Dc' you prefer c vered to uncovered moorage? 
ither rcmaj’ks'.' 



rage? ^I'/liy? 

oalb-wnber moorage? 



n- 



hy? 






rv.'xii.Tioi: CF '.■uz.;tio:u & /j: rvER> - ./. 'khigtcii - i:u c/ji/a, conu-.-'TTcn ^’jfvzy 
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iCS tion 


UDjCCt of 
^ uestion 


?'/oluotion of 
C uestls^n 


Fvalsation of 
.•’unver: 


Ihv'slua.tion of 
Usofulne'' =i la 
thi“ tucy 


luggested iDprovcDcnts 


1 


t^/7^e ves3C^.. 


net :pecific 
cno’ijh 


\rrr'ly 

sfj tisf-^’C tf r ; 


.statistical 
fid.'ustr ents 


List null, rig - engine t/T*e'; '’Itli bexo. 
f r r.-snbor '• Lcrscjxjwor '■f engines tc be 
filled in. Asli rate cf fuel u.sc. gc in gels 
1 or licur . 


2 


Dimenoic ns 


sotlsfDCtory 


excellent. 


fjto ti 'tics 
•d.’uctisent 


U.>e tabular rusher then literal fermat. 


3*'’- 


noorai^e 

period 


sa tisfoctory 


excel lent 


General 
■' ate rest 


U'.c tab ■’or ivncat. 


3bcd 


moorQ.^e 

location 


n^'t extensive 
enough 


sc ti if -'Ctc ry 


none 


/J.SU 03k residence location; distance 
travel tL"'C to rcccrage. 


3e 


DOC rage rate 


satisfactory 


r.s ti ‘.I'c etc ry 


rxae 


All rates monthly-el iDlmte 3c»lil. ~ ^se 
cebx-l.ur format . .Msi^ ask for ins irance 
rc tc charjed ord cost of fuel i-cr gallon. 




covered 
ir.ocro je 


red undunt 


satlsf'’ctc-r/ 


n''ne 


Combine with question 13 . 


1. 


purchese date 


satisfac tory 


c :c client 


ncnc 


Urse tubular format-combine with 6* 


r o 


Crij. cost 


barely setisf. 


barely setisf. 


; ar.ual ovner- 
ship cost 


subdivided into portc^ tabulcr format. 


5b 


resale value 


not extensive 
encugh 


satisfoct'^ry 


insurance cost 


Also osk value of cny majer capital im- 
proverients, how financed, Interest rate 
"■n financing .v me ;iir.xjun interest rote on 
'ther investments. 


6 c 


Annual mln- 
tenonce ccsto 


inc ^imsletc 


'ctisfcctory 


c’pc rational 
costs 


.A ’.t for insurance costs - cross ciieck 
with dat.o on insurance rates, moorage 
rate", fuel wage £• cost and hours of 
eg er." tion 


’ b 


total nnin- 
tennnee costs 


uscle 


. Gcless 


mne 


R place with question cn major capital 
■ r.nr" Yemen ts mentioned in connection 
vit’i qtesVon ;?b . 


7n 


aimuc 1 
usage 


sctisfcctc-ry 


'’ppro'tinate 


value of 
time 


/Mso ask fi..r en.gine-hcur meter read- 
ings; cross cneck with fuel usage dote. 




total 

US 03 G 


•v'.seless 


•sclcss 


none 


Cnit . 




bridge 
open ings 


oatisfreterg' 


3ctisfactoi*y 


none 




la.b 


^ t \ r.o 
at sea 


’■selc'.s 


erratic 


ncnc 


Cirit--.se qucstii n <c for this purpose. 


Jc 


boating 

interest 


satifi foe tory 


30 tisfoctory' 


•;eaercl 

interest 


Use tabular forsmt . 


tklef y. 


boats at 
gov't lochs 


sinneeessQry 


useless 


none 


Better date available at Tocl’.s. 


10 


Delays 


rjinecor.sery 


useless 


iX'ne 


Tliis data requires cbsei^va ticn Sc 
record ing . 


11. 


.Salt voter 
Doorage 


sotlsfactcry 


cxecl.lcnt 


yonorel 

interest 


L'st factors ca-’sing move in tabulor form 
f^r checi; -mar!: 'ng 


12. 


Galt vater 
Doorc ge 


.'ctisfac tc r;;.r 


eve client 


general 
inte rest 


Ccmblne v:lth 11, use tabular feront. list 
fret, rs fi^r c'r;ookin.7. 


13. 


covered 
DOC rage 


satisfactory 


excellent 


general 

'nterest 


Combine with 3f*; list factors for check- 
in,g . 


Ih. 


reinarks 


urjjecessary 


facet icus 


none 


f .it. 



o 

ru 



Other poGsibly dejlrcblc qxiCwticnr: 

'■r-Tiiat ms/clmvnn tell vo-jld you be villin^ tc pey to pass thrcu-pi the locks? 
'("net ic youi* cjjaual incoire'' 






I 
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AiiOther substantial group of questions and subquesticns re evaluated as 
being only of general interest. The results of these particular questiens 
tended to substantiate subjective conclusions of the author -n t;:e>e parti- 
cular points. The general crnciusicn to be drawi from this i.s that the ques 
tionnaire could have been halved or quartered in site, prodncin .5 a nr cl. 
handier and cheaper fens, without the loss cf any signi'f'icart data. 

Firui’e 92 also tab-alotee q n’.m.ber o’ su^/erte’ po.^'S'lle ir.r rove’ -.er.tr 
In the questionnaire . The concensus cf these is t'.i.st s tab’lar rr b! cr bJirn 
a literal fonnat shoul.d have been ’used in asliinj the ove .ticn; : rd the de- 
sirable nsnswers should have been listed for eiieckin^. ’uc:. a prccedurc 
would make data .reduction from thi- fort.- cc-nsiderobly quicker ■’nd would . r 
ably tend to increase the reliability of the r never obtained, '"ne r twe 
ertremely desirable questiens were emitted, sucls as cst cf insurance on 
craft surveyed. In addition, there are a number 'f additional rices ...i.^ns nc’ 
subq-'estions thiat night be '"nserted in a st-idy o.f th's tyre which vn rid ena- 
ble certain additional statistic.! to be develo"ed if svc'i v.-ere desired and 
would permit cross -checlcmg of some of the values -f evrership cc.st^ ,^nd of 
usage time . 

Tables , 10 and 11 contain uebv.letions cf the actual re:- Its 

of the survey for these questions \chich proved to be rea-sonably ^uccec'fi l. 
Table 12 is a s'lnanary cf the result of those questiens not crnceiTicd wif' 
the calculation of the value cf time. Tciese result.s illustr.'te t'ne ;enera'' 
tendency to spend considci'able perciens cf time t; ..cawerd of f c H'ran Ji. 
Chitsenden Locks the genei’cl Trefei*ence for frcsli w.-^tpr n' oi'a *,e "n '.al*- 
vater areas, c.vei'vhelnin j preference among ■’'nhoai'd t> r craft cvsicrs for 
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■]i\BUI.ATIOi: OF RE ’ULT3 



IJ^XE 


\7A3HrNGTON niT CATIAI., CCNG^-TION 3URVSY - OUTBOARD RU!1AB(>UT': 

Length l'’ericd^ Annual‘S Usage io tirne tine salt' 

ft. in voter ovTiership IJ, urs at sea lcc’:s tc voter 

cost moc'rage ".cc.ro 


C V 

i/,0' 

7- 




l 6 .0 


1 


261.5 


360 


9 c 


0 


1 


' ] 




19.0 


C- 


95'LOO 


100 


50 










iP . 0 


no 


'' 11.00 


100 




r 

c. 








l6.o 


2 


210.00 


130 


2 


6 


■ 0 

} ’ 


} 




? 0.0 


A 


•'-' 6.00 


72 


0 


0 


} 




'Itotcl(5) 


09.0 


1-2 


zi^b.bo 


7 T 2 


152 


iC 










f-3 








' - 


3“ 




Average 


17 .“ 


— 




.52.ij- 


30 . 


3.2 


-- 


-- 


Notes : 
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. CODE 






uri7iR?Ri:T.’-Tici: 










1 




Fbored In 


vater year rc^md 










2 




3 bo red cn 


lard in 


Vinter 










■3 




3 bored on 


trailer, 


la ’arch 


and retrieve 






h 




Presently 


c^T-'^ider 


“in nevi 


n,^ tc salt 


-VC’ ter 


ncc r- 




b 




Already moored in 


salt-vater 








C 




Nob consider-Lr^ r.cv::::; bo 


salt-v'’ ter 








1 




?4i'^ht cons 


:ider mev 


ing to c 


olt-vater 







o 

■) 

10 

11 



Mould never consider to ,alt-vrxer 

Prefer covered nioorn :e 

Px'efer o'i'-en rnoora.^e 

TIc't aprlicab.^e to ny cat 



2. CalculPted val: see Table *3 



85 



TABL^ J 

T 7 ^ 3 ULATI 0 N OF RE iULTl 
HEBOARD MOTORBOATS 

Length Period" /-nnual' Ucagc ^ cine t'me -'.t Covered 
ft. in vater r^merohip hour:; .t cea lochs to voter rri^raje 
cost 0 moorage n'~'ora ’;e 



4 i.o 




3063. 


300 


75 


C J 


, , 


43.0 


n 


3131 . 


Coo 


5 


c 


t 


35 .0 


1 


56-3. 


hOO 






> 


38.0 


1 


6375 


koo 


5 




4 


30.0 


1 


.73. 


lOO 


0 




> 


35.0 


1 


l 64 3 . 


200 


0 




) 


32.0 


1 


15 '^’ 5 . 


3.00 


75 


15 


,7 


36.5 


1 


1734.4 


3 '"o 


^5 


2 


) t 


60.0 


]_ 


3 '.. 30 . 


lyj 


0^1 


y 


) i 


53-0 


1 


4914. 


yo 


0 


Li 


* 


34.0 


1 


3510. 


2.0 


■0 




) 1 


36.0 




32 .4 


200 


75 


- 




38.0 




4316. 


250 


7 


S 




30.0 


1 




LOO 


"5 


P 




50.5 


1 


t 116.3 


275 


■5 


r, 


> 


30.0 


1 


1444 . 5 


200 


0 


•J 


,1 


46.0 


0 

c~ 


331 > . 


150 


09 


1 


c 


43.0 


T 


5374 . 


250 


'' 0 


X 


.7 


52.0 


1 


27' • 


235 


‘5 


5 




36.0 


J_ 


3018 . 


ho 


,'5 






42,0 


(_ 


249.'’ . 


ilO 


'5 




• ( 


30.0 




2436. 


170 


3 




> 


25.0 


n 

J 


723. 


^5 


50 


xO 




36.5 


1 


:^ 0 V 6 . 0 


'04 


5 




r 



Total (24) c^32.5 1-'-, ' 



Average 38.0 



3541.3'' 237.01 



5.3 
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Average 






TABLE 10 



TABmTION CF RE-TTLT' 
"MALL 'lArLBOATl 



Length 


Period ^ 


2 

/•jinual 


Usage 


^ zime 


time 


sclt^ 


Covered'^ 


ft. 


in vater 


c TOer^hip 


hours 


at sea 


locks ti. 


\jr ter 


me ora ge 






cost 






r,cK ra 


'.n ( roge 




1^.0 


3 


239.25 


250 


1 




6,7 


1.1 


21.25 


1 


956.00 


150 


100 


> 


5 


11 


lU.O 


3 


173.00 


350 


1 


-5 


1 


11 


lU.O 


j 


22c .00 


300 


0 




6,7 


11 


:".17 


3 


li+ 7.10 


oc: 


70 


10 


' ) 


:i 


19.0 


3 


l45.L',) 


LOO 


0 


0 


/I a 
> 


' 1 


19.5 


3 


353.25 


100 


109! 




6, 


1 


lU.O 


3 


361 .65 


100 


5^0 




'7 

' } 1 


■■ 


19.0 


3 


363.73 


200 


20 


7.5 




_1 


17.0 


0 


35^.15 


30 


0 


0 




.0 


173 . a2 


1-1 

3 --i 


3236.72 


.555 


207 


?h , 5 


2-6,:-^ 

)i - 

' *** *’’***!» 


^-11 


17 


— 


323.67 


.65.5 


LI."' 




— 


— 











I 









87 



TotPl 



TABLE 11 

T/03UL^TI0N OF RE.’UI.T- 
lAAGB JAILBOAT" 



Len t;th 


Period^ 




Usage 


f time 


time 


■ 


Covered^ 


ft. 


in water 


rvmerohip 


hours 


at sea 


Lcc'<s to 


vater 


no'' 






ccst 






rriOcra,3e 


.'icora^e 




30.5 


J- 


1105.00 


300 


"^5 


7 


4 


1] 


7>0 


1 


I6O02 .00 


400 


0 


.) 




11 


25.0 




.00 


iOO 


0 


17 


6, 


11 


50.0 


X 


2911.00 


271 


0 


J 


5 




25.5 




1553.00 


'"00 


■■9 


0 


5 


11 


25.92 


1 


^57.00 


300 


•0 


0 


5 


11 


38 .0 


1 


1166,63 


4O0 


50 


1^0 




11 


2'0.17 


1 


)78 .00 


210 


4o 




A 

f 1 


1] 


23.17 


P 


1301 .PC 


165 


50 


10 


X 4-' 

- y 


11 


30.0 


1 


2059 .00 


500 


'0 


X 


5 


11 


23.0 




Jkh Xo 


225 


35 


3 


4 




29.0 


1 


.00 


150 


•60 




^ '7 

- ; i 


- 


26 .0 


1 


3113.50 


100 


10 


1 


6,7 


‘ 1 


26.0 


1 


5''A.^' 


200 


20 


4 


4 


' 1 


23.0 


1 


S31.00 


1"0 




■) 


5 


1 p 


50.0 


1 


1136 .00 


350 


95 


5 


t 


-1 


I5.O 


1 


2143.00 


15 


'X 


10 


y 


n 


29.0 


1 


1150.00 


240 


>5 




6,7 


11 


32.75 


1 


3^18.16 


200 


95 


10 


' 0 
' } 




32.0 


1 


11^1.00 


100 


100 


0 


5 


1' 


2O.O 


1 


1649.00 


220 


60 


20 


1, 


1 


30.0 


] 


l^Ol.^O 


775 


"5 


0 


5 


11 


22 .92 


1 


1001.50 


600 


■9 


0 


1 


11 


36.0 


1 


^^12. 00 


175 


70 


0 




1’ 


26.0 


X 


429 .00 


226 


30 


12 




1 ■ 
-L 


26.5 


1 


775. ^?o 


150 


40 


15 


' y 1 


•1 


36.0 


1 


1111.50 


150 


30 


5 


X8 


'1 


26.5 


C-' 


935.50 


48 


33 


IT 


11 


36.0 


1 


515.00 


150 


70 


p 


'-y 

y 


: ». 


36 .0 


1 


1712.00 


300 


95 


5 


. ' n 

) 


' 1 


36.0 


1 


1631.00 




30 


35 






26.5 


1 


763.^0 


500 


40 


s 


} 1 


■ 1 


27.0 


2 


1-11.00 


150 


1^0 




1 

c r 


11 


29.17 


1 


751.00 


397 


1 


- 4 




30.25 


1 


1460.00 


200 


5'5 


15 




.1 


36.0 


1 


5X0.00 


SOO 


•0 




•- 


1 


39.0 


1 


2009.00 


450 


(>; 


10 


• / 




36 .0 


1 


17>^8 .00 


200 






1 




26.5 


'i 


582.64 


1 0 




;■ 


6,7 




L260.35 


-36 

r-3 


74,X'6.,3 


nz 5 


-15" 


0 ' _ 




.o-‘. : 



35 



.S' 



Average 



32.3 



1 
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T/J’LE IP 

OTSCELLi'aCOU.'- RE UI.T ' OF TIE L^J<E ' .'AGHEICrTnil HIP CAIl/tL 

COTJGEr:TI(F :URVS{ 



Quest ion 


Tteci 


N'orber 


i'crcentace 


3ei 


Vessels moored in water /ear-r' vnd 


r 




3aii 


V Gsels stcred on land in winter 


•~r 

1 


.0 


3aiii 


Vessels cn trailers; la.inched F: retrieved 


IP 






TOTlii 


'vQ 


100.0 


9a 


Average estinated ^ of ui;de)-vay time nca- 
vard of locks 


-- 


C7^>^ 


9b 


Avera ;e estLanted of time between loc!:s 

F: rrocrpr;c 


-- 


7-5 




Remaining tine cn in fresh v;ater 


_ _ 


25.1 




TCTAL 




100.0 


11 


Owners rresently cenoiderin^^ rove to salt 
water inooraf^e 


- 15 


10 .2 


11 


Owners already moored in salt-'WQter 


12 


15.^^ 


11 


Owners not censideriny move to salt-water 


51 


^ .1 




TCT/E 


j'l 


IOC . 0 


12 


Owners which night consider neving tc 
halt-water 


30 


58. 


12 


Owners which would never rceve to salt- 
water 


PI 


'’ll.; 




TOTAL 


51 


100 .0 


13 


Inboard notorcraft owners preferring 
covered inooraye 


2? 


■1.7 


13 


Inboard motcrcraft owners preferring 
open me e ra ye 


r 


' . -} 




TOTAI 


r 1 


nosj 


13 


Other ov/ner 1 } referriny covered mocraye 


:* 


1l .f' 


13 


Othei’ owners prefc^riny open mocrage 


) 


' A 


13 


Other nvTiers net nnsver’n'; q"'e.>tions 


) . 






TOTAu 


.1 


I X).0 



covered moorage, and the general indifference of owners of Bailing 

vessels to c vered r.ocrare. 



Celculation cf C^mershlp and '^errtlonaL Co"tr> 

Table 13 contains an example cf the caic . .aticn i necessary to con- 
vert raw data conceraed with the value of time into information v;hich may 
bo processed by mears of the mathernat ‘c.: develo' ed in Chapter . Tlie data 
used in this example was actually extracted from one of tl.e ret-;med 
questionnaires . 

Tlie first step in this ca"iculaticn is to develo]) a fijure represen'Sa 
tive of the cost to the owner of reerverini his capital -'nvestment . This wr. 
done by asrsuminp a ilO year jei-v’ce , i i‘e and an intercot rate of 5 Tlie 
capital recovery factor (the annuiity whose present value is l) oerrespend' np 
to these arpuments is equal ti' O-C 3*- • f-'^ct. r multiplied by the r'- 

jinal cost cf the vessel of ;,-'coo.OO ind leases tiiat the C’Vner of sh->s cr 1^ 
pays $3tl-0'l annually in recovering, the c'^rital he nas invented .h Ms bo' t. 
jlrmunl operatic nal costs are oaicu’. ated simply hy s,'mr''n 3 ;p the 'rdlvidsn 
components of moorape, iir- Intensnce , fuel, storage, ta -es fee" nd lac;nc..- 
inp charges. In this instance the nn of these oierrt' ^nr 1 O' st ' ■ T 'PM 



per year. 



One of the item- '..’hich was ■inforn metely neplec*rcd In rre' ’-r. - f 
questionnaire used for tni ervey v;;‘s irsur'ncc costs. "me > w.e:- f r- 
nished this inform; tion anysmy. Jiw.t, he wesver . di'l n *■ . f • c"i. :.te lor 
this, t was assumed that since the ccjst f a * lea."' re bc"st rerre.en',. 



nrpe investment -cf ’‘nesr.e, no 



•'■achtSD nn 



Cl.. . id ffcirl t 1 ; • re tc 



or ft 
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T/'J3LI-: 13 

C/'JXUTilTIOI'I OF TIC CO' T OF OPER'TIOn 



DATA 



IC-IF CUFITIOF VALUE 



Original cost 


5a 


4,200.00 


”^']stiriated resale value 


5^ 


2,500.00 


I^fcora^e c st 


6a i 


105.00 


I'5aintenance cost 


Caii 


20.00 


F\iel ccct 


Gaiii 


20.00 


Stcra''sG cost 


6c iv 




Tasces fees 


6av 


30.00 


Laimchin'^ lees 


6cvi 


— 



CAPITAL RECOVERY 

Capital reccvei';^'- factcr for 20 jrr. at 5,'/ = 0.0 3<^ 

Original ccct = .‘•■4, 200. 

X 1.0230' 

^‘yl. annual capital reccvery 

cost 

OPEEfTION 

Cperation = ''>195 

4 20. 

4 20. 

30- 

= -t 203. , er year 

nrupy^ucE 

2,500 X vl.cO -er ■■'■100 = 40.00 

TOTAL AJITTUAL COOT 

.'3351. 4- 4265. 4 ;''4o. - :Kj54 . per year 



without insurance. Mininial insurance rates were t-.ereff re adopted Trot: 
publications of the Nationw^ide Ititual Fire Insurance Company flO) and 
were applied unifomly to all ves'cls considered in this survey. In 
this instance a rate of '1. > 0 ner ■‘"'130.00 vali e was applied tr the 
;’‘? 500.00 that the owner f tl is vessel estiionued cs its current resale 
value. This gives an annual estimated insurance cost cf Ci^O.OO Tlie total 
annual cost of ouijlng and 'Operating this vessel ".:as then calculated by 
adding together the capital recover,/ cos.., cT.erat.'onrl costs and -insurance 
cost giving a grand total cf X^^.hO r>er year. 

Conputation end M,]U-'^bnent of the Value Time 

Had the results of this si.a-vey been c.nuletely repi^esentaulve i>f 
eattle^s boat pc'^^ulation; indicctinj Lhe C( rrect frequency cf ccs‘ raence 
of various t.ypes and sices cf vessels, a nean weighted figure for t. c val\-e 
^f time to Seattle /achtsmen could liave been calculated by simply r cj In' 
up individual calculations - f annual cwners'iip and creroticn cost.' r nd t';en 
dividing this figu.re by the s^um v^f al.i usa bi’^'es (see equation " . Un- 

fcrtunately licwevcr. the resu‘ltr of this uirvey were heavily biased in 
favor of sailing ci^ft. In addition there was suine variation between th'" 
average length of vessels included in this s i"vey and Cue *.ivei'a^;e ^engt. s 
of the various classes v.. f vessels in the genei*al b* at ‘oopulaticn. It v;il 
be remembered that w^^cr t 'iC ecu sition ^-f tAie general ooat jKUulatli.n 
‘>sattle was investigated in Chapter 1, it vac found c- nvenient t d: vxde 
the genera^ boat pcpulaticr: into four categories: outboard meterb*. ats, 



inboai^d mctrrboats, amall (under 2? feet) '.ailboats, and lar'^e (ever 22 feet) 
sailboats. Vessels vhich v/ere sub.lect to the survey incident to this thesi.; 
were divided into the ..rme four classes (see Tables ^ ttirou^jh ll) . fd’ter the 
total annual cost of ovnei'ship and operation had been calculated for each 
craft, these costs and the hours that the craft were operated were sunr'.ed up 
for each of the four classes. It was then possible to calculate a weiphtod 
average value of time for each class in accordance with equation . These 
data as veil as other pertinent data for each class are shevn in column A 
throutth G of Table l4 . 

By comparing colirnn D of Table 1^; with colum K we cay see that the 
variation between the avera ;e length of boats smu^eyed from the average 
length of boats in the general boat pcnilation is relatively small and 
probably does not represent a rajor inaccuracy except 'n the case of large 
sailboats. Comparison of cc'.lumns C and K of this table further indicates 
that the comgwsition of boats surveyed by tyg^es of vessels is indeed as con- 
siderable variance with oh-e compi,)3ition of the general boat population. 

The first adjustment mdertaken in Table l4 was deoi.gned XfC cernpen- 
sate for the relatively small deviation between aveia ge lengths of brats 
surveyed in each category and the average .length of boats in tiiat category 
in the general populaticn. The adjustment factc’r used (tabulated in column 
l) was obtained by squaring the ratio of average length l f be ats In tl at 
category in tie general boat population tc tl.e average length f brats in 
tliat categrry in cur siurvey. The value rf time associated with bsats in 
that category was then multiplied by this factor, the result bein; tabula ed 
in column J. 
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ITiis procedure of adjusting the value of time on the basis of 
the square of the length ratio was based principally npon the experience 
of the author, and is difficult to justify othem%^ise than on a subjective 
basis. It is obvious however that the relationship between length and 
ccct must be at least linear, that is when we double the length of the 
vessel laider consideration we must at least double its cst. As a mtter 
of fact since the object vndeT consideration is three dimensional, there 
would be much justification for the argument tliat the cost of the vessel 
should be proportional to its volume and therefore that the cost should 
vary with the cube " of the length. For this reason an adj'istnent cased 
on the square of the length ratio, while imdcubtedly net absolutely acci- 
rate, is at least rational and probably conser\aative . 

The second adjustment executed in Table 1^ was designed to cennen- 
SQte for the deviation of the percentage of b'^ats surveyed in eren cate';cry 
frem the percentage c.f beats in that categoiy in the general boat ueoulation. 
Tile percentage of beats ir each category in ;;eneral beat popuiaticn 's 
listed in column K. In order to make this adjustment, the decii^l exp res- 
sion of these percentages were raultiplied by 'f.ie lengt i adjusted value of 
time listed in colium J, the result being tabulated in column L. This nr - 
cedure weights each figure for its ectuccl fi-equency of occurrence In the 
general beat population. The total of coluim J then represents tie final 
overall average valiie cf time to Seattle Pleasure boat ovniers . Ti.is total 
indicates that the value cf time to l>eattle vac'it^nen In general is 7>10.5’ 



per hour. 
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Comparison with ?rcvicu5 tiidiei 



In the 1950 leasibility study of the Sliilshv^le Bay breaB~v:ater 
project U. ". Ainny PAigineero parallel in i.iany respects fne econonic 

analyses undertaicen herein; the point 'iinder consideration tein ^ the oene- 
fits that would accrue by the elimination of corrplete trips hie 

ship canal rather tlian by reductions in travel time. In the secticn in 
which pleasure craft were considered, it was estir^ated that the :vcrso^*e 
annual cost of oimership and opex*ation of pleasure craft arij 0 ..nteo to -, 1050 , 

An attempt was tiadc in this study to discover hew this fir^nre relaueJ uc' the 
number of hours of use of the vessels in q-:esti'.n. In our c\>ni scudy hev- 
ever it was discovered that the average owner used his boat about "^30 h'\'.r: 
per year. This would seen to indicate that the overage boat evnor nenus 
only about 9A.20per hour for UBe of his craft. Tuis is only of the 
mean value of time resultiu-.- from \ir o\m sr.-r«/ey and associated c. :.i] utetie ns . 

Examination cf the numerical analyses ’ tl?uized by /in:iy .‘^Iru^ineer i in 
their study shews some minor differences in interest rates employed and so 
on. but there is n< mechanical feature which will satisiact r* ly acc- unt 
fer the lar^e variation between the figures (btained in that study ajid in 
the study undertaken pursuant to this thesis. 

Table l4, at the bottom of column 7., shews a simole average annual 
ownership and OT'eration cost cf ,t'21?^4.7U. Tills n<j're divided by the aver- 
Gie annual hours of use would jive a value of ti’ae if about "'er hour. 

Note this is an unadj\'sted figure. This is still almost twice the value 
based on Army Engineers work. In view of this large and seeninjly inexpli- 
cable difference, it would be no more than prudent to sugy,est that the sul - 
Ject cf the value cf time requires further investi jaticn . 
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HAVING? IN TIIAVIIL TIMTl 
Review of Methodology 

It will be remembered that in chapter U, durln.-r the develf pment 
of the theory and ir.ethodolcr^y necessai^/ to this study, equation 15 was 
adopted to express the mathematics required for the ecc nomic analyses f 
the facilities proposed hei-ein. 

h.5) J = KVAt 

this relationship holds the justifiable cost of an additional facility to 
be equal to a constant multiplied by the value of time, multiplied a pain 
by the time savin.ps occasioned by use cl' the proposed facility. At this 
point in the development of cur Investl ^.ation, bc;th the constant and the 
value of time neces.sary to this equation are available fc r use. tiie one in 
table 6, the other in table ll . 

It will also be remembered that an equation was developed express- 
ing the magnitude of travel time savings in terras of the difference be- 
tween the transit time through the proposed new facility and tnat t'ir'.^u p: 
the present lar^e lock multiplied by the number 'f vessels that wculd use 
the new facility in preference to tne large lock. 

(20) At = N(tj^ - t^.) 

The task to be undertaken in this chapter is the quantification of 
the savings in travel time that would be realized tnroush the installati‘n 
of one or mere of the proposed facilitie.. . This will involve the determi- 
nation of the transit tiic.e associated with the present lar^e lock, the 
estimation of the transit time that nay be expected to be associated wit.', 
each of the pi^'pcsed new facilities, and the estimation, for each of these 
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facilities of the anount of traffic that ay be expected to vre that a: 

ity in preference to the present installation. In addition it vlll he 
reinembered tliat in Ciiapter 3 vhen the constirac ticn cf an additional 

locka.*e facility was first proposed; the consideration of exactly what 
size lock should be built was deferred until later. This question also 
will be considered in this chapter. 

Lock Record 'fypes 

There are five distinct types of records available for study at 
Hiram . Chittenden Locks. These Include the follcvln./: waterway TraTfi 
Report; Re.^ister of Ves^scl ^Traffic Through Locks or hateinv'ays; Rcpcrb of 
Lc>cka:;es and number cf Vessels; Classification of Vessels Passing- the 
Locks ; and the ilnnual 3\immary of Vessel Classification. 

The Waterv;ay Traffic Report is the fom, referred to frequer^tly 
in Chapter 3> that must be filled out by each vessel rassinp t': rou ph tne 
locks. Infc rmation available on these feras includes the name :f each 
vessel passing tiie lOC'^S; its owner; destination; car^O; draft; displace 
rent, etc. These recerd? are the basis for all CiX re comT'act corn'ilat^.n 
rf loc ^ayc data and wnile relatively detailed; rnfcrtijia tely om’t much 
information that would be cf considei-able interest in studies cf xock 
operations. use was made cf tt.e.^e records in the r. reparaoicn of th.'c 
report . 

The Register of Vessel Traffic Through Ju)cks or V^aterveys is a 
compilation of Waterway Traffic Rei i rts for each locrca^e threup each 
lock. Taese records contain the name or number cf each ve-'^el as in'; 
through the Ic^ckS; an Indication of its type; Itc dl. .placement rmd the 
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tirae of opening of tne lock 3a te at apr-er and !■ ver peel level for tne 
transit in which each ,3roup of vessels passed the locks, oince trans- 
portation costs snould certainly he a function of data recorded in detail 
in this record type (vessel type, displacement and transit time), it 
should be possible, usinp, these records, to make extremely accurate cal- 
culations of transportation costs for every type and size of vcsL,el . ass- 
in3 the locks. However, because of tne vast volume of records that must 
be considered even for a single year, such calculatio;ns would, even with 
the aid of electronic data proccssin.3, be extremely time consumin'; and 
onerous. Suen a calculation is indeed far beyond the scope of this thesis, 
more comp^act record foriiats being utilized for our pur;.’Oses herein except 
for the discussions of transit time and lock efficiency later in this 
chapter. It is probable that, this is the type of rec'.rd which wo-.ld form 
the ba.sis of an extended study of the ship canal system of the sort pr^ - 
posed in the final chapter of this report. 

In the report of Irjckages and Ihumber ^f Ve.ssels, tl.e number of 
lockages with vessels, the ntunber of lockages without vessels, and the 
nuinber of vessels passin; through the locks is totaled up for each tcck 
during each of three shifts of each day. Data extracted from these 
records was employed in the succeedin; cccticn concerned with the determi- 
nation of the n’umbcr cf vessels that may be e>p>ected to use new, rather 
than presently cxistini, facilities. 

The classification cf Vessels Passing tl.e Ix>cks is a tabulation 
for each of the two locks for each day, of the total number and displace- 
ment of vessels in each cf several categories passing the locks. Cate- 
gories considered include ships, barges, tugs, small craft, fishin3 boats. 
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U. vesneia, and f -rei 71 vesseio . It is uata x'rom Uie3e rocordc that 
1 g used as the basis fcr estiaates n^ide herein ol’ the number of vessels 
that may be expected to use the proposed facilities in preference to 
facilities already in existence. 

The Annual .tummry of Vessel Classification is a tabulation and 
surunary by months of the more uetalled data contained in the previously 
mentioned Classification of Vessels Passing the Lochs. Data extracted 
from these records vas used in Chapter 1 (see Thblc I and Figure -) to 
describe the overall annual fluct;uition of traffic in the ship canal 
sys tern. 

Detenainatlcn of VLte of Proposed Additional Lock 

When tiie possibility of p<rcvidinj an additional lock vas first 
proposed in Chapter it was mentioned that there are conflicting criteria 
militating one against the ether conceminp the selection of the most de- 
sirable size for such a facility. On the one hand we want a loch which 
v.’ill pass traffic through as rapidly as possible thus holding travel time 
accruing bo vessels transiting the facility to a uinimui; while on the 
other we want a facility large enough to be capable of absorbing the large 
peak, loads which occur on weekends and holidays. The very existence of 
the present installation provides us with the best of all possible data 
ncccssaiy'- to select the correct size for on additional lock. Tl.e exist- 
ing large lock, while not the lar.5e.3t in the world, is certainl;/' ■ ne cf 
the larger of such installaticzis in existence ejid the small Icc.: is very 
small indeed. Wiatever size of lock we select for our additional facility 
cannot lie far outside the limits delineated by the present establishment. 
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In the rirct fOuO' cclujtns (A,E,C,D) cl Ta'o3e 1^ and j.i. ere tohi:- 
lated data extracted frc-n t:.e previously ;;cnt;.cned Rc- istor tf Traffic 
Threugh Locks or '..’aterv;ayc . Table 15 ccr. tains date applicable to the 
lar'e lock vhile Table \C tabulates data concerning' the smaller facility. 
Ibe obsei-vations listed in these Tables were selected rr.r re cr less at 
i-andoit! from the available records to cover the ranp.e from lockages con- 
taining very few vessels to lockages during which the Icck chambers were 
severely crovjded. Column A of each table lists the number of vessels in 
the chamber of tne appropriate lock during a specific transit. Columns 
B and C list the times of opening of the lock ;ates for ingre.ss of vessels 
into the locks and egress of vessels from the locks after completion of 
the transit. Tr.e difference between these two tii;,es Is the actual time 
ccc\ipied in iiftin ' and l-^vering the vessels inv^ Ived and is tabulated 
in Colu'm D. To each > f the times ?..isted in Coitunr D is added the mini- 
mum time necessary to return the wr-.ter level in the lock chamber to its 
original lositlon tluis completing the cycle (lO minutes for the '..'’r'e 
lock and 5 minutes for the small lock) . Tiie sum of Coliaans D end E is 
t.ien the full cycle length and is tabulated in Column F. Dividing 
Column A (number c.f ves, els in the chamber) by Cc lumn F (cycle cr. ;th in 
minutes) and mu, 1 ti,p lying by 60 ;ives the rate of traffic flew in vesrels 
er hour and i.s ..obslatcd in Coluisn G. Vario 'S det: from those tables are 
presented graphicrlly in Figures 10, 11 and 1?. 
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TABLE 15 



RAEBOKLY SELECTED TRANS ITS - LARGE LOCK 



A 


B 


C 


D 


E 


F 


G 


Number 


Time of 


Time of 


Actiial 


Ret'oni 


Cyc le 


Traffic flow 


of 


Opening 


Opening 


Lli't/ Lower 


T?inie 


Length 


Vessels/hour 


Vessels 


Gates for 


Gates 


Time 


Minutes 


i-linutes 




in 


Vessel 


for 


Minutes 








Chamber 


Ingress 


Vessel 














Egress 











89 


1655 


78 


1635 


66 


1515 


72 


1620 


68 


1725 


69 


1815 


0 


1900 


24 


2005 


15 


2125 


10 


0750 


4 


0945 


34 


1130 


25 


l 44 o 


36 


1605 


58 


1630 


88 


1730 


to 


1850 


8o 


1610 


74 


1710 


66 


1805 



1755 


60 


1715 


4 o 


1605 


50 


1710 


50 


1800 


35 


1855 


40 


1910 


10 


2100 


55 


2200 


35 


0800 


10 


0955 


10 


1220 


50 


1515 


35 


1645 


4 o 


1720 


50 


1835 


65 


1950 


60 


1700 


50 


1755 


45 


1850 


45 



70 


76 


50 


94 


60 


72 


60 


72 


45 


91 


50 


83 


50 


34 


55 


26 


35 


26 


20 


30 


20 


12 


60 


34 


45 


33 


50 


43 


60 


58 



75 70 

70 3 ^ 



60 



55 



55 



30 

6l 



72 



10 
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TABLE 16 

RAITDOMLY SELECTED TRANSITS - NIALL LOCK 



A 

Number of 
Vessels 
In 

Chamber 


B 

Time of 
Opening 
Gates for 
Vessel 
Ingress 


C 

Time of 
Opening 
Gates for 
Vessel 
Egress 


D 

Ac tual 
Lift/Lover 
Time 
I'tLnutes 


E 

Re tuna 

Time 

Minutes 


F 

Cycle 

Length 

Minutes 


G 

Ti^ffic 

Flow 

Vessel/hour 


l 6 


1035 


1055 


20 


5 


25 


33.4 


l 4 


1120 


Hh 5 


25 


5 


30 


28 


2 


2335 


23 ^^ 5 


10 


5 


15 


3 


1 


0015 


0020 


5 


5 


10 


6 


1 


0230 


02h0 


10 


5 


15 


4 


2 


0510 


0515 


5 


5 


10 


12 


3 


0630 


06h5 


15 


5 


20 


9 


k 


oiko 


0750 


10 


5 


15 


16 


5 


0335 


0^50 


15 


5 


20 


15 


8 


lolo 


1050 


10 


5 


15 


32 


11 


1115 


1135 


20 


5 


25 


26.4 


6 


1305 


1320 


15 


5 


20 


24 


10 


iloo 


1420 


20 


5 


25 


24 


11 


1825 


l8Jk) 


15 


5 


20 


33 


7 


1635 


1645 


10 


5 


15 


28 
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Equation 20 indicates that any savinjs in travel tine that ve nay 
reap from a new installation will, for a given magnitude of transit time 
through the present installation, be inversely proportional to the transit 
time through the new facility. This means that it will be inversely pro- 
portional to the cycle length, for as we shall see later (at least for 
locks) transit time is approx L*nately I .5 times the cycle length. With 
this fact in mind and mindful also that the criteria we are attempting 
to satisi'y demand maximun traffic flow rate combined with minimum transit 
time or cycle length, let us examine Figure 10. 

This figure is a plot of vessels per cycle against cycle length. 

It may easily be seen tint there is considerable ■'/ariaticn from any 
mean curve. The curves shown for the two locks however, represent ade- 
quately the perfoimiance of these locks. Several operational characteris- 
tics of the present installation are apparent in this presentation. Ilote 
that the greatest number of vessels shown to ever liave passed tlircugh the 
small lock in a single cycle is 16 and that the mean curve extends only 
as far as l4 vessels per cycle. The mean curve for the large lock on 
tl'.e otherhand, extends as high as 89 vessels per cycle. Note also that 
the mean curves, and indeed all plots, terminate at roughly the 10 and 
20 minute ordinates of cycle length. This is caused by the fact thnt the 
minimum time required for simple hydraulic operation of the locks is five 
and ten minutes each way for the small and large locks respectively. 

Other features vjorth mentioning are the verticallty of the mean curve 
for the large lock between the abcissas of 30 and 75 vessels per cycle 
and the displacement to the left of the mean cui'"/e for the small lock 
from that for the large lock. 
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Three facts may be induced from these observations. First there 
is the rather obvious point that the large cliaraber of the large loci: 
confers a greater capacity to pass tiaff ic . Secondly we may infer that 
this great chamber capacity carries with it the penalty of dispropor- 
tionately increased cycle length. Lastly we tcay see that the small lock 
within its capacity, operates more efficiently as is witnessed by the 
displacement of the mean curve for the small lock to the left. 

Figure 11 plots the number of vessels passed through the locks 
in a single cycle against the rate of traffic flow, in vessels per 
hour, achieved thereby. In this presentation the essential efficiency 
and superiority of the smaller of the two installations is even more 
obvious. You may note that for any given nun:ber of vessels in a single 
lockage, the small lock is able to achieve c greater rate of traffic 
flow. It is also worthwhile mentioning here that the raxinum practical 
rate of traffic flcv; vh.ich the smaller installation seems to be capable 
cf handling is about 30 vessels per hour at chamber loads of 10 vessels 
per cycle. R f erring now to Figure 12 we see tint when rate of traffic 
flow is plotted against cycle lcngth(which you will remember is inverse- 
ly proportional to travel time savings) we mny see the efficiency of 
the small Icck again dem'.^nstrated . Note that at rates cf f 1 v; f about 
30 vessels ) cr hour, tac small lock is avein jing about 22 min. sec er 
cycle. In order to achieve the same rate of flow, cycles in toe large 
lock must r.m about 't9 minutes on the avcra;o. 

II' we must build a new lock to handle traffic loads in the Tnke 
Washington hl.ip Canal, then what vc vaint is a lock that retains (cr 
even improves unon) the operational efficiency of the present snail loco 
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but which will at the some time enable us to achieve the naximun rates 
of traffic flow of which the lar^^e lock is capable. By this ti.ue it 
whould be obvious that the most desirable type of installation Would 
be one more or less similar to the present small lock. As vc saw in 
Fl.^re 12, we may expect from such an installation a practical raxim-ura 
traffic rate of about 30 vessels per hour at a cycle length cf 2C> minutes. 
To match the naxiirum traffic handlin^i capacity of our larpe lock ve would 
need at least two such Installations eperatin ; simultaneously, situated 
parallel to one another outboard of the present small lock . The next 
step of thought beyond this is, instead of Lmapining two additional 
separate small locks, to conceive cf a single wide lock-chamber having 
two or more traffic lanes and the requisite nuraber cf sets of ri’:l,.iple 
lock gates. Such an arrangement might possibly be made to operate even 
faster than 30 minutes per cycle (by limiting tiie niunber cf vessels using 
each lane to even less than 10 vessels) while s.Lmultaneously nroviding 
traffic Imndling capacity in excess cf that presently available in the 
lar'e lock. 

The principal disadvantage of this type of lock would be inefficient 
use of water at light or intermediate rates of traffic flow and inability 
to achieve further efficiencies of operation by means of staggering the 
cycles of multiple small locks so that one or another is always in the 
process of accepting traffic, etc. 

In order to make a reasonable definitive examination of tiie eco- 
nomic possibilities opened up by installations of the type discussed in 
the preceding paragraphs, all of these possibilities will be examined. 
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To rephrase this more precisely, justifiable costs of the follcwin,^ 
installations will be calculated; first aji additional, sin^le-chanbered 
sraall lock of approxiraately the sane dimensions as ttie present ijistalla- 
tion; second, a lock i^vin^ two separate ch-anbers each of t>ie sane diijen- 
sions of the present small lock; and third a •wide, sinjile ciarabered, 
multi-lane lock having a traffic capacity of 60 vessels per hovir or more. 

Deteraination of Transit Tine Ttiroug}) large Look 

Tliere is no problem in establishing a value for t^^, the transit 
time through the large lock required for use in equation 20. Figure 10 
shows quite clearly the strong tendency of the cycle length to vary be- 
tween relatively narrow limits throuijhout a large range of chamber load- 
ings. Since the phenomena which we are considering, that of forced 
passage through the large lock due to overcrowding of the smaller facility, 
occurs only during hit;h traffic days and in times of great tral'fic density, 
it is quite reasonable to assume tiiat a 55 minute cycle length will be by 
far that most frequently encoxintered during these times. Note tint at 
chamber loadings greater tlian about 75 vessels per cycle, cycle length 
again seems to increase. Any error that this causes may, we hope, be 
balanced out by the shorter cycle len^gth experienced at c'nambcr loadings 
less than 30 vessels per cycle. 

Let us new tium our attention once a.yjin to the pattern of 
operation of the locks during periods of heavy traffic. During these 
times there is a constant stream of vessels errivin ; at the locks for 
passage. If we assume a constant arrival rate and assume tint the 
arrival rate never s\.irpasses the maximum i*ate of traffic flow of which 
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the two locks are capable, then we may say thiat the average vessel arriv- 
ing for passage through the large lock must wait half a cycle of that lock 
before being admitted to the chamber for passage, I^ooking at this another 
way, a vessel which arrives at the lock just as the gates close must wait 
a full cycle before it is admitted into the lock ciiamber for passage, while 
a vessel arriving just as the lock gates open to admit a chamber load is 
admitted immediately. The mean wait then is half a cycle. On this basis 
the transit time through the large lock during periods of heavy ti’affic 
may be said to be 1.5 times the cycle length. 

In actuality this is somewhat of a simplification. The rate of 
arrival of vessels at the lock is never constant but varies contin’jally; 
the maximxim traffic handling capacity of the combined locks is frequently 
exceeded so that some vessels must wait more than a full cycle for passage; 
and the vessel next in line for passage after the last vessel for the cur- 
rent cycle has been admitted into the large lock seldom iias to wait a full 
cycle for passage but rather is usually able to pass through the small lock 
during it cycle. These factors interact quite complexlj’’ and the author 
doubts that they are subject to theoretical analysis. 

If a more detailed study of this problem were undertaken, it 
would probably involve continuous observation of traffic flow patterns 
in order to make a precise determination of the travel time experienced 
by each individual vessel passing the locks. This of course would hnve 
to be done either photographically, pictures being taken at say, one minute 
intervals, or by means of a team of observers continuously on duty at the 
locks . 
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For c-ur purposes here hovever, ve will assune tliat the :;eaa 
vessel passing throxrih tlie locks in a siven cycle accrues travel time in 
the aao\mt of 1.5 times the cycle length. The ■'/alue of t^ then^ should 
equal 1.5 multiplied by 55 divided by 60 or, 1.375 hours. 

Deterraination of t^, and K 



In order to equip ourselves completely with entcrin;, arjir.ents 
for use in eqviation 20, it is now necessary thiat we estimate both the trans 
it tine through those facilities vihich we rave proposed and the number of 
vessels which will use one or another of those facilities in preference 
to the large lock. To facilitate this, Table 17 presents a tabu .‘'•nt ion, 
adopted from various of the records avaij.able at the locks, s'unj’'.arising 
the number of pleasure ciaft xising the loc;<r. during the past six years fjid 
shewing the distribution of days of varying traffic intensity. ince be th 
the transit time and the number of vessels diverted are interdependent, it 
will be convenient to consider both of these quantities siirailtanecusly for 
each variety of installation being investigated. 

Marine Railways 

It will be remembered from Chapter 3 that the prcooseu marine 
railway installation was tu be i-val in foi'r. ss that the b^at conveying cars 
once emptied of their load, might pass back t* pick up anctner vessel via 
a track in the opposite direction, thius insuring tui efficient one-way cir- 
culation of cars on the tracks. This system cbviously niay be extended to a 
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OcG'.rred when Grnall Icc’c out of ccmissionl ITovever, availa- 
bility cf additional facility would obviate necessity for all 
traffic to pass larje lock. 
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multrl -track layout, i^oats v;.. aid ti-avcl in ti.c ^ rGuo.....iiai.t iii'cc ~ZZ. . ii 
ti'affic flov over all but one of the available sets of traa/.o and ti.e re- 
taining set wcuiLd oe lused for car rctuni, apijro_ riaSe ccratecti no loins nade 
by switches. ..'ysteas of two tracl.s (ti.e niniriui.! n'unber), three and four 
tracks will be concidered. Consideration of the ininiicurn layout will .^.ive 
us the minirriiur: justifiable cost of any tsarine lailvay installation, v'< iie 
consideration of a four-track ^nyert is desirable since the capacity of 
such an arranyernent would apprcxiiaate the capacity of a single ciiaribered 
snail lock. 

As fc.r as capacity joes, the controllinj factc-r, as was ..enti^nsed 
previously, for a rarine railway installation is the probable excess of 
tine required as each vessel is loaded onto a car. As was cienticned in 
Cliapter 3 it is virt"nlly inccncei’.'able tint vessels could be loaded on 
cars at a rate nore rapid than one each fJ.ve minutes, thus lir itin ; a 
clnclc lane of t\-tick to a caraclty cf t\:elvc vessels per hour. Since 
the time tint would he spent transiting th.is k.inJ of installation wc'uld 
be a combination of loadinj tine plus unlcadin : tine plus actual tine 
beinj drawn up and ever the railway, cone consideraticn must le jiven to 
the len.jth of the railway, which is principally dependent upon the jrade 
employed . 

Slipways desijred for major vessels are seldom set on ji-nodes in 
excess of 3^. :ic are not restricted tc such flat slopes as these for the 
I'xindlinj of snail craft. Boat launchinj ramps for instance, ere co.mmeniy 
constructed on slopes of 15^^. In order both to minimise the lenjth of 
track necessary on either side of the dam, thus nininir.in:; the size of 
structure required to support the railway, and to reduce transit time to 
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a ninimm, we would lil'e to liive as snort a rjn Ji tracy. as posGi.„le on 
either side of tiic dari. I’liis neans vje want to r.sc as steep a jrode as we 
possibly can. Assvuninj; that aotive power for the cars of s"ch a irarine 
railway vjould be pi'cvided by a cable arran^enent sixailar to that used for 
the San Fi'ancisco cable cars, there will be no problem in providing grades 
far in excess of those tloat could be tolerated by passengers in -he vessels 
ti*ansitin2 the facility. Passenger coLifort will be the most important fac- 
tor limiting the rxu'imun usable grade. For the purposes of tliis investiga- 
tion we will asG-'jme a grade of 20‘i. 

Referring to Fi.gure h Qad Table 5 see that the tide on the 
seaward side of the dai.T fluctoiates from about four feet below datum to 
15 feet above; the crest of th.e daiii is at an elevation of 3 ^*^ feet and 
the upper pool is maintained at a level of approximately 21 feet. The 
r..eon pool level on the seaward side will be about ‘ 3*5 feet above datum. 

The tracks cannot jass over the dam precisely at the elevation of the 
crest. Tnere will have to be some allowance for stivjctiiral support and 
operating machinery. ffLlowing 3*5 feet clearance over the dam crest 
for this, vessels transiting the facility will lave an average rise of 
about 32 feet from lower pool level to the crest and a rise of 16.5 feet 
from the upper pool to the cx'est for a total rise and fall of about 
*rc .5 feet. In order not to sti-ain the credibility of our ILviits of accu- 
racy, we will I'ound this off to 50 feet of rise and fall. At a urade of 
20 ^, which is equal to five feet of naa for each foot of rise, the facili- 
ty will occupy a total of 250 feet horizontallj'’ and the slant distance vhic 
vo^iLd need to be traversed would be approx ir'ately 255 feet. 
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If ve ar,sair.e a rtite of nicvei.ent in the slant i-lajic cf five feet 
per second (a speed about equivalent to a fast valk) a vessel could travel 
the length tf the tracks in aboi:.t 51 seconds. Roundin' fnis off t>^ n'le 
ninute and nss’unin' an additional r.inute cf reflotatic^n tij..e, ve arrive 
at tlic conclusion that a vessel should be able to transit sue; a r.arlne 
iailvey in apnroxiTately seven niinates. For the iiiorine railway installa- 
tion then, ve v'ill ise t^, eq'.;al to 7/o0 or 0.1,17 hours, ll'.in value is ;'e- 
corded in Table 20. .ilnce t’/.e tii-e it will take for a vessel to transit a 
r„arine railvay installation is .independent of the ri’jr.ber ,-f lanes in '"ora- 
tion sirriultanecuoly, this some transit tir.e will hold no ..iatter how t:.any 
lanes of tiack are available for use. 

La ci-der to estiiiate t ,e ir.jnbcr of vessels that vo .Id be diverted 
free the present lar ,e lock to the new facility ve will use the data 
available to us in Tabic 17. Colvjrin E thre\)ch M cf this table list the 
nu-vibcr if days in the pa.st six yours durin-p whici' the nusibcr of pleasure 
c:*aft ti-ansitinp tiic lar ;e lock vas between the lii.itr specified in the 
coluirm feadinps. TiiC basic assunption ti.at will be .sod to ernvert thi.s 
data into esti ates of tiie number of craft diverted to the proposed faci- 
lity will be that the proposed facility w/ill opcraite at its oaxinua rate 
of traffic flow for a period of time equivalent tc that necessax’y for the 
present lor c lock to pass the same amount of traffic at a rate : f traffic 
flow typical of a hi.ph capacity day. Additional assmptiens will he thfit 
t}';e rate of traffic flow achieved ti.rou.ph the larje lock varies mere or 
less in proportion to the total amo'mt cf traffic - arsed and that cn days 
of relatively low traffic, the traffic will be s. road out sufficiently 
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for c\.r pTOpof^cd facility tc l^andle ^he entire load. 

Paced cn thece assunptirnc, the fipjres shown in jcl 
throui^h M of Table 17 are conve-^rted into cctlnated nmlers ._f vessels 
diverted to the various sizes of rarine railway by r;.eans cf a mro c 
less loijical rrocedure which is described in detail in Appendix I. 
Each estiratc is listed in Ibille l-T and the total cat Ira ted diverted 
vessels for eac . of the years under cc^nsideration Is calcuLatel and 
entered in the anpro^riate ccl lain (D tnrou ;h F) of Table 20. 



Beltways 



As was mentioned in Chapter 3^ conside}rably -greeter rates cf 
traffic iiow can probably be realized over be.^tw’ays than over r/arine 
railw^ays since little or no maneuvering need be done for a vessel to enter 
tne beltvay. Tiie controlling aspect of such an installation would probably 
be the irx)vision of enou.^h distance between successive vessels cn toe belt 
so tiat bnere would *>e no dan ger cf collision at the point c f re-entry 
into thiC water. Ln consequence of thiS; w^c will assirae a one minute 
separation letw'een boats transit nj; the small single belU^ay, ana a two 
minute separation between larger vessels transitin-; the dc .bie beltway. 

B.sed on these ass\mnptic ns a traffic flow of oO vessels i cr .lOur could 
be achieved over the small beltvay and a flow of jO vessels per hoi;r 
over the larper double beltvay. 

Usin^^ the same 20'^ c^rade assuTupticn as was used for tae inarine 
railv^ay, ve find that tne beltvay would be oi approxira.tely ti.e san.e length. 
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TABLE iB 

ESTIMATE OF ^/SSGELS DIVERTED TO MARINE RAILwAY 
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AssuEiin.;r a -a in a five foot per second velocity n the slant ^-lane alcn? 
the beltvay, ti'ansit time ever the smaller beltvay vo\ild be a^aln approx- 
imately one minute. It is thought better, since the larger double belt- 
way would be handlin ; a larger and probably less resilient vessel, to 
reduce the assumed speed for this dual installation to half that of the 
smaller beltway, or 2.5 feet per second, lliis would result in a ti'ansit 
time of twice that for the smaller belt or about 2 minutes. These are 
equivalent to transit times of aboiit O.OI 7 hours for the single belt and 
0.033 hours for the dual arran -’cment, .giving difference in transit tli.:o 
between these facilities and the presently installed large lock of 1.3> 
and 1.3h2 hours respec tively c 

Estimation of the number of vessels dviring tl:c past several years 
that would be diverted from the present iar*e Iccu to the two si/.es of 
teltvay is carried out in Table I'J . In columns A and r. ;f this table are 
listed the year and the number of pleasure cz-aft that transited the lar ^e 
lock durin,^ these years. In colu'ns C and D are shewn the number of days 
that the rn.u:.ber of pleasure craft transitin^^ the lar.^c locK was less than 
ten and over eleven. For days durin>^ vjbich the number of craft transiting 
the large lock was less than ten^ the mean incidental traffic thi-ou^ the 
lock was assumed to be five vessels per day. On days when this traffic was 
greater tlrnn eleven vessels per day, the incidental traffic was again 
assumed to be ten vessels per day. Eased on these assumptions, columns 
E and F were tabulated by rn\iltiplying col\unn C by five and column E by 
ten, the line totals of columns E and F being shewn in column C. Sub- 
tracting this figure from the number of pleasure craft transiting the large 
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locK for t.;e entire yea/ .;;ivcs tuc ncri- i.ncidentai traific for o year as 
tabulated in coluiiin If* 

It will be reL’iCribered t'uit vl cn in Cl^apter 3; { ei;.ways vere 

originally uii:cuc5C ’; it vas .^cnt.b ned tint a sinjle icltvay go. I d acc '-ac- 
date only mere or less .'lat bettered vcs^.elc, that *.S; oi.tbcard me t^ r . ats 
a:id sriali sailorats. live dual 1 cxtvay arran ;cinent vac incrcducco tc ever- 
cene tliis defect, iut because : f the necessary split betvecn belts it vas 
felt Uat this yr^ c of beltvay vc aid not accomodate the smaller class of 
ieasurc teats. 

Ret. min-; ^ ncc a^piin t< 'i'ohlo :t - .ay cc uete-'*i-ilred tint • v/ ' ard 
X'tcrTvats s^nd srnii .n.lllnj ci-aft arneimt t<. 11/"^ and ll.)"* cf tne bed 
‘X^pulatlon by rr/xiber re/nec bivciy , tl- c total vf the tvu types bein^ rf/''. 
Olvicusly tie rnnainin'; cf t c beat rop.lation includes t’ c 'av;cr 

classes ef Pleasure craft, uy multiplying these jerccnte cs (s x/rr in 
C''lixr) I a iU Y) :y tie r - ^ncide.i cal. traffic listed in c( d c’c arrive 

at the U tai ilvcrcalUe trefilc for the ..l.< years jnder c nsid.ci*atn n ae 
shcvTi in ccluLXu. J and n. 

Remeiriberinj tint ti e sin. ,le beltvay ran a caracity of >0 vcssel.^:. 
per hour, iu is readily apparent ti-ac tnis sort v 1 facility is completely 
caoable c'f handlin^j the relatively small porticn of the total ti*affic 
rerreserted by the fiTures In coluzrn J of I'ablc If. Therefore these fi 
ures are entered in Table 20 vithout furth er manipi xa ti^'n . In the spj'.c 
way vren ve exoiaine column L, the number of vessels tint could p>osslbly 
be diverted fix.m the larpe lock tc. a dual beltvny, remeulerin; tint the 
capacity cf this beltv.ny is 30 vessels j'Cr nuur, vc see tint in ccminriscn 
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to the fi-^ires :enerated in i'aole i for a 36 vessel rrarxne I'S.i.lvay 
GtallatioH; the I’i.^ures in cclur^m L compare qui be closely vita these 
estL.-ated by an entirely different pix:)cedui‘e. Therefore t .e vqIjcg listed 
in column L of Table 19 are also entered directly in the arpropr'ate 
spaces of Table 23 vithout additional L^anipuiation . 

Locks 



Ass^jminp that o\ir proposed additional sr^li luc^s i^ve t‘: e sa.*e 
genei'al cnamber dir.'iensions and operatin {:5 coaracterlstics 03 t. e ;rc .ent 
smaller installation, reference to Figure 12 shovs ti'^t traffic : lows cn 
the oixier of 30 vessels per hour could be achieved thro\igh sicu a iacility 
at a cycle length of 20 minutes per cycle. It vill oc re. .entered t) at for 

a single lock, the ti-ansit tii.:e vac said to be cq\ial to 1 .'^ tL.es the c 'c^e 

lengt! . This vill not be true for the proposed aviditic.nal one cr tvo 
small lock cliiimbero . Interaction of tnesc proposed facilities one with 
the othei- and vith the present sinall loc vill reduce the effective bi^an- 
Git time thx"ough the total facility to less t:.an I .5 tL:es the c^xle 
length. Using the same line of reasening employed in th.e original dedve- 
ticn of the I.5 cycle length relationshi* , and as timin’; 3ta:;cred cycling 
of two parallel small locks, ve nay see t'Jit a vessel anpr. achin srch 

a double installation v;ould net liave t( v’ait a full hxilf c/clc before 

being admitted to the lock cliaraber but only a q\iarter cycle. TV'iis means 
that the transit tiine though such a facility vouli be cniy 1.25 times 
the cycle length. 
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h’hen an instaliati-.n -f tv;, additx- nal cra£.ll xcc c .ambers i.> 
considered, -;;ivinf; a oyster-, of t.nree sirall Icclts vor'in , In para_lel a..:; 
presumably v;itn sta:.^,^ered lock cycles, ve ray lari'/ find t..at the 
transit t-Ime thniup. tie tc;tal facility vlll Le l.V/ fx.es t e cycle 
len.jth. Since the assuxicd cycle length is 2() i.ijn-.te-. .;r t .33 ''.ours, the 
transit times thr^^uyi the X/roposed sinple and dual additi'-aial small L ck.'- 
vill be 0 .h2 and 0.39 hours respectively. '.ince the :m'-''csed >u:lt--iane 
lock was assvumed tc> have approximately the .sar.e cperati^ns o .arac te -ictic , 
both hydraulically and othei-vise, as the present .small Icc -r.-t caxabLe cf 
at least double the traffic capacity, tmnsit time thron.ph tLi.s facility, 
rememberiny that it will interact with the present],/ exist In-^ installa- 
tion, will be the saiiie as for one additional lock chamber cf toe same 
dimensions as the small lock or 0 .l 2 hours. 

Tl'.e nujriber of vessels that would be divertea from trie present 
larxe lock to t.iese proposed facilities is quite easy to detensine. 
w'e have subjected the quadx'aple track inarire railway ravin; a ca.pacity 
of 36 vessels per hour to a detailed analysis. It seerns nx re tlar. rea- 
sonable -bo assume that a single additional snail lock would vans a ]r - 
portional amount of ti’affic, that is 30 / 3 b or 9 /- tlat r.lreauy calc - 
la ted for the four-lane marine railway. Fijui'es based cn fie .mitio a.rc 
entered in the appre i rinte locati ns in Ibble 20 . 

We have already mentioned that two additional sn.ail 1 cl chsamiber^ 
Sive us a capacity of oO vessels per hour in excess ;.f t at presently 
available. Such caX'Ocity is undoubtedly cqral tx , or ;rcater than, the 
practical sus-tained ti-affic iiandlinp capacity of the lar ;e IccK. For 
this reason a facility consisting of two additional snail lock cnamrers 
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will be ussanod tc be capacle of carryin ' the fulx xaa f r 
tal tmffic calculated in colui.aa H of faule 19. Tneoe fi ;jx-eo ,£lyc teen 
transferred directly bo Table 9".). For the sar^e reason these saxae fi.yv'res 
are aosionei to x^enresentative of the amoont of txaffic t;xit ’.-.’o'lld be 
diverted into a rrxlti-lane loch and are shc-vax a,;ain in ti e portion of 
Table 20 appropriate to this facility. 

Ccraputaticn of Fs timted Travel TLte Saviix ;s 

At this state, fa,ble 20 contains all infonnation nccessai-y to the 
calculation of savings in travel time by Kcans of equation 20. 'The tem; 

^^1 - ^f 

nay be e^*^li:ated by subtracting the transit tines for the f:roposed facili- 
ties as listed in column E of Table 20 from the transit tine fer the lar;;e 
lock as listed in the same column cf the some 'Table. 'Eliis is the differenc 
in transit tiir.e tiuit nay be achieved tarough the installation of an;>" one 
cf the proph.sed facilities and is listed in col^urui C. This value vhen 
multiplied by the estl^intcd number cf vessels t'uat vc. ..Id have been di- 
verted to these nc\J facilities during the nust several years, as babulated 
in columns D I, jives the of total savin :s iii travel tire, 

in vessel hotirs, for tiiese years f c r each facility and arc tiibulateo in 
columi:s J throu<jh C. 

\’Je nov leave available to us all inforavitioi necessary to estii’ate 
the justifiable cost of the various pr.^ycsed imp ^-ov^ments to the locks. 



CHAPTER VII 



JU3TIFIABLE COSTS OF rMPROVE^^SOTS 
Rrvlev of Methodolo.;^ 

R' ferring cnce a ^in to Chapter k, it will be remer;bered t^iat an 
equation was developed iiicorpc rating all necessary facte rs and concepts 
required to calculate the justifiable initial cost cf investment in any one 
of the proposed inpre. vercents of the locks. This relationship equated the 
Justifiable original investn.ent to tae cotal annual savings in travel tir.ie 
occasioned by a given lacilily, multiplied by che value of time to yachts- 
men using the facility, multij-lied ai^in by a c nstant dependent upon 
various factors including maintaiuance i'equirements , interest rate, and 
service life. 

After nal'-in' the requisite assumptiens, \al ;es cf Uie constant K 
were tabulated in Table T- In Cra.,tor > the results cf she survey of 
yachtsmen using the lake •'.asuington 3hip Canal were nanipulated as re- 
quired to calculate the value ul tii e to these users, this value bein^ 
s'lO.56 per hour for tne general bcjat pc^pulation. It is worti‘w..ile menti n- 
ing at this point t.at since only limited classes of vessels could pass 
over eitner of the two types ■ 1 beltways proposed, this fi pure for the 
value cf time will not apply to either cf the. e facilities. It is however 
possible to calculate the valae oT ti.'ie to oe applied 0 each cf these 
facilities by reference to Table l4 . Wien tr.e adjusted cost cf ewnership- 
and orei'Btion of vessels ter hcnir cf use a.s tabulated in column J of 'i'able 
is apj ropriateiy wei ;hted f^r the se-pnents cf the beat pog uiotion usin 
the sin-le and double bcltv'ays respectively, values cf tine ff .;2. 5 f-nd 
N^lc.% are found to be appropriate fer use with these facilities. 
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Colcvlation cf Jus^tiflable Cost 

The calculation oi* the Justixiaole cost eac.i ci t:x pro-, xea 
facilities is carried cut in Table 21. Ti.e facility under c jnsideixioion 

is identifiea in col\T.in A of this table and the constant and value cf thne 

appropriate to each facility are Listed in cclur.ris h and C. Ccliuiins D 
through I contain a liutin;; cf toe .avine^s cf travel tiii'C in vessel hours 
as calc :1a ted previously. By ueans cf equation 15 then, justifiable costs 
for eac:i facility under tne traffic load of each ci the years shown in the 
column neadin.'^s are calculated and listed in colimais J thrc^Uv^li 0. T:^.ese 
figures have been rounded off to the nearest thousand dollars since no 
;;reater pretense cf acc^ui'acy could possibly be justified cn the basis rf 
the assumptions made, 

Orijinaliy, it the autner’s intention to display graphically 
the variaticn in justif'-able cost f c r these facilities considered. Upon 

attemptin' to do this IcvevoT'^ it vas fo;jid that the ca-_c:lated juscifiabie 

c<’zt deuendod principally up(>n uhe variation in bniffic ">at’ociTu at the 
1 c.:s 'ather reinp c rrelated with tLie or with n Jihec .f :^lcasure 

c"*aft throu ;1. tlx lc'C':s. The numerical for:’; in v\AcY. t..e re: Its cf this 
invest! •lati'-n a-x presented in Table 21 seerr.s t^ be t' e best dio.lay cf this 
in f o n '.a t .1 o n p* s s ib 1 c . 

^sirabi 1 - ty of r>cd Projects 

First of all, with reyard to time, it nay oe seen tr.at tx.e Justi- 



fiable cost of all ' njects listed in Table 21 were at their hi d:est level 
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in 195^* Justifiable costs dropped sharply in 195S’^ ’"'"sc :n and 

1961 , dropped off attain in lyo 2 and r- se Ufiain sonevljit in lX 3 * fnis 
illustrates quite clearly the vniy in which peaks in traffic flow t£.ve 
tended to spread out in later years under the influence of con iesticn 
pressure in the systen. There is an ii.qplied suggestion here that the 
Justifiable cost of iraproving the present instal ati. n at the locks nay 
not rise in proporticn to the total increase in traffic flew tnruugn the 
system. 

Considering the desirability cf individual facilities, it is cb- 
vious that the Justifiable cc st of the single beltway which can handle 
only flat bottomed outboard motorboats and centerboard sailin : craft is 
so low as to be well below the limit of possibility. Tlie Justifiable 
cost cf the di;al beltway, on ti e ( therriand, is quite high, but one must 
reriember that this prorc sal presupposes the possibility c f constriCtin 3 
a beltway capable of handling vessels having large ’uidei-water ]/roJections . 
This and the fact that such a beltway would have to handle a ^reat variety 
of widely differing hull forms ir.tposes nearly in.jvperable dc i -71 prol hems 
upen this proposal. 

Examining the proposals inv' 'vin; cc,notia'Cti( n c-f additional heks, 
we see tiat In 195'- (the year of greatest Justifiai;le c- st), a sin "Ic 
additional Ic.ck duo; her would rave acenod benefits si-ffic’ont to J ■stli’y 
an investnent cf well cvex* three-quarters of a million dollar! while tW'^ 
parallel small lv,c.- charters would hove accr.ied benefits Jur.tifyin; an 
expenditure cf over a million and a qv;arter dc liars . C< nc .rrer.tly we see 
that the Justifiable cost x f the prx posed vide, mvlti-lanc b ck in 195' 
would also have been nearly a millii n and a quarter dc liars. Tiils, while 



ar. impressive sun, w,uld n, t be sufficient to actually c;.nstruct the 
proposed facilities. Tlie cost cf the presort double lock and a dan, built 
in 1916, was about tvo and a quarter million dollars ( 12 ). .llnce then, 
the En*in€erin>; News Record construction coot index lias risen from about 
120 to about 900 or 7 tines ( 13 )« Tl'.io means t'''at today it would cost 
. ver sixteen and a half nillicn doll£irs to duplicate the present installa- 
tion. Obvic usly, when viewed in this li ;ht, one and a q-uarter nillicn 
dollars vuld net 31, very far towards buildin.’ the proposed additional locks. 

Turn in ; new to the censiderati'' n of marine railways we find only 
a sli.phtly more enconracinc situation. In order to luindle the traffic 
loads occurrin ; in the year 195 ^ > 3 -n expenditure cf $360,100 would have 
been justified upon a two track marine railway. The three track facd. lity 
would be better since the addlt!.on of only hall' a pa in as much timck would 
justify an expenditure cf three-quarters a jiin as much money. T.e foia* 
track arranpenonx is tetter yet, the installation of a tnird ajain 
as Much track justifying the expenditures . f more than a third again as much 
noney. dince it provides the ;reateut capacity tie four trac‘d railway is 
the Ko.st desirable of the three sizes. 'Die question of course, is whether 
not such a project could actually be built v:ith the $P-81-,000 Indicated 
C .5 the justifiable cost of such a structure. 

a cost standpoint, marine "ailways and beltvny.. ore attractive 
since they do net requii’c the expensive build.inp . f teupvU'ar/ ceffer dams 
necessary for ccnstruction of an additional lock. In additlen, if a rail- 
^•’ay installation C' aid be desl ;ned with crerati. nal cnaracterist'cs superior 
bo the rather severely limited chamctcristico assumed in this study, such 



an xnctallat j or. ra/e an e/en reater 



ur ti f : aule c sz. 



t ler -q-g Cor*^ ;r 

. I har .-’c-en rcnteq that the jur tl.f ’ aolv? cort of all jroy>o 

iro , Ivii jeer lerc In later ^'cars than in 5- ^ .;e wore n'^t 

abln tu pL't t’ e ef 'eel of tJ^e jpon tne fl' ct lat on of ."ustji ' aol-- o-'.et, 
./e a^/ orsi. e that t v 1 11 r'se 'ore nr lers Jr. p-roporfon to the iro'ect*-" 
ncreasG In tr*a‘"fJr thro, h the e-hip canal ryste: as pro.'ecte’' 'n ■[ : --re 
. . a n Jt et he po::ntel out that rJnee J-r.ti’ 'able cost cee ' to be 

epen ent upon the tra^'^'C rattern rather than #/roar pleasure ^raft tra.'- 
fic thronph th*^ locks, we cannot ray that when the tross traffic reache i 
^tr 1 5’^ lencitj, ‘urt’ ^hable cortr propoeeG facllitiee will have 
reac>iei tie.'r 1 h.'rh. i.t hov;ever. probably safe to preciict tl et 
tnese . .st :hatjle certs will, in fact, be reached In the foreseeable 
rvt.u’o 1 ai'r'’ n njor f l'.<ctva t i ons the national economy, '’hie te jjoral 
ar’ab l ty of the ' .st'flQble cost of : \provinp, tlic locks is a factor i* 
hi c;. nt'^reetoi a, enc ; es rhoi l-*^ be *iniful even if not enpapeu. in act've 
stu- y o. the c n. estlon ]^robleo. 

't ■ i.loO 'ell to reoe^-.ber tnat this ther-^c U''>t c nta n ti* 

nal r^' e* -n the total .arrety oi’ possible ' pro e.ent'' at t/iO 

Ic ‘k? .^r :>n t..c total b^iefltr t '* be a'ne^' there 'r^ . "irec^ or •' 

an in eti; i t^. t' the author’s upon tue ]v ble of he/^'siip s^ e 

rc'ed;;, co <lc o h te c- nee' ly j'roh .ce a r lut’ - mbimny oreat en'^U/ 
^‘ra^‘'fic nanblinf capadtv . th a lo enoo h r t al ' rt to le ’* 'e^oatel;. 
tuu oo; cs.rn'l'’ L'tendei rt o^‘ the : n^^^rt' y^rol Ic' '.''-I' 
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enable rx^cY ore precir-e ■'ral'^ula tion of the e of benefits to be 

gained fror poceible ir:.prove- .ents than Yias been cade in this invert l.-atlon . 
In addition there unquestionably are larre benefits to be c'sir.en by nor- 
^ercial establi shr ents , both by those connected directly ’*ith the boatin' 
industry and those which are sirply users of water^.>"ey6 , ’..hich have not bee:- 
considered in the slightest herein, Tiie isolation of these additional 
benefits can have no other effect but to rake any proposed solution to the 
congestion problem api ear ore beneficial. 

It should be pointed out that the previous cooj ent concerning toe 
operational characteristics of 'uarino railway installations applies eq ally 
to Gll other fc>qpes of proposed facilities. If any of these t:pec of in- 
stolLations ore found to '-^ave operational character*’ sties superior to 
those essun.ee herein, the efect woulu be to enhance the desirability >f 
that partlc^.lor tepe ol’ installation. 

Effect of C^^par*son iith ^^ther Ibro^ects 

Jn the past several we ha^/e repeatedly sx:)oken rather lll.tuel:, 

of JUS ti f-* able c^'eth .t ; u.^t no\/ be stated, or perhaps restated, t'-^at 
this Justifiable c ^st the »".axi’"'ui 'nvest ent per^issille 1: no - ore 
rtrinyent criterh n other than absol tely 'ar,;Inal ]rofitah'l ty ('d.lf^h 
is to say no proftabil tv at all) is imposed upon the deci'^.on t:> con- 
struct the i'-pro.'e ent under consideration. f ve co pare these pix>jicts 
u* th so"'e other series of pro.’ectF*. say a -"r^up of pr pos-'^i hi ^nvay ' prev'e- 
•'ents. which are o*’ reator tiuon ar iual bene^'^ to vh*" yvll'c. then 
cn-par^son our propo^^ed Lock m prvve r.ntr are r^ven *"a /ora' le than taey 



13 ^- 

appear alreauy. If, for instance, v^e co^:p'are^' jur propose'* lock l":"'prove'^ent 
v:ith a project havln^^ a benefit/coct rat'c of 2, then to peril t correct co - 
periflon we von.lfi have to halve all of our calculates justifiable costs. All 
of our proposed irrrprove: ents then are likely bo suffer by comparison to 
other potent' al putlic projects. This line of reason! n|>: lead.s the author to 
the general c ncl’isi’on that no physical ir:provernent of the locks '\7ill be 
undertaken in order to relieve the present level of congestion in the sh’p 
canal system, nor. since there is no plan for any ey.tended study of the 
congestion probler-. [recently in existence, does any physical li:prove’e-^nt 
o*" the locks see likel^^ in the foreseeable future. 

/ h i n'' strati ve Meas .res for Congest'on I.c lief 

The early pa^.cs of Chapter j discussed several possible peons o'" 
reducing conycst'hu) in the chip canal syste'*' by use of educational i ro- 
gra s, s tree; ill ning adi..ini strati ve proced\a'es and traffic Infor ation 
distributui^ . syste'.s. .n viev of the conclasionc drawn above, meas ures 
o’ this S '-rt woul. see: t; be the only recourse of agencies desirous j 

red\iclng congest: >n in the ship canal. M st such measures woul: appear to 
be relativel^^ cheap and the e/aluat:on of the reductions in congest'on 
which might thereuy be obtauied, while beyond the scope of this thesis, 
would see", to be the next logical step in any effort to ii..prove the present 



situation. 



c lArrjr viii 

MOF :^71TJTJA (>F /.ill? C/JNAL CO:^G^w 

For rcaconc that i'or the or^t part have already been ’^^■entioned , 
xt ray v'cll be decirable Tor L'oire Qr;ency, or anizatlon or individual to 
undertake a more extensive in/es tl rat i on of the problem of traffic cor :ec- 
tlcn in the liake arhlnyton fhip Canal. Core of the effort involved in 
such a study mlr/nt possib^ directed toward elinlnotion of so e of the 
numeroue inadequacies of t^.e present lnvert?.;ation. " t is tie purp^ore of 
tills chapter to discuss so^e o"^ these inadequacies and the wayr in "hich 
nore extensive study can be e:-iployed In the! r el' nnna t ' on . 

Genera 1 Theory 

In order to ell* Inate excessively burdenso .e calculntiLns this 
thesis erployed nu' erouc t»i;;*plifyin-' essur^ptions to. and ^ a the’^.atical ^anip 
uletions of, the bene'it/cost ratio 'chtch '^ouli not be required in a st' ly 
not operating' under the constraint of severe budgetary and personnel li' ita 
tlons, ^hich a study could operate on a considerably extenried theoretical 
basis bvich as . if;ht be fo\rnde.. upon the c' " bi nation of equation 3 ulth er^ua 
tion 12. 'Tliere can be little doubt tnot the extendei catee^ori za t"i on 0 “^' 
benefits and costs thus obtained would lead to increased accuracy, '^nether 
or not such increased accuracy jucti lies the increase^’’ effort is of co' rse, 
Q .atter 'och urt be left to the discretion of the arency or In'ivldual 
considering^ s\ich an iindertaklnf . 

Another extrcnely serious cr:' tie”* S” that ay be leveled at the 
present study is its tocH ocs's'^ption of .arsinality. This deficiency 
could be attacked by any one of several aveni.es of approach. Lsti^ates 
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could be ade of the actual cost of constructing proposed projects and 
these used to calculate the benefit/cost ratio directly. A minimun ac- 
ceptable rate of return could be used in a rate of return type calculation, 
a mininurn accep^table qpj r co 1^‘ be m ^ ' r u . ^ 

cost ratios or rates of reti:rn achieved on proje''ts already in e>::stence 
or co.peting vn th the proposed project for acceptance could be substituted 
as a decision criterion. 

Proposed I'aci li t ' r r 

One very irriportant area tliat should be researched durinj an e'^'lended 
study of this probler*; is that of the universe of conceivable sol' tlons 
and reliefs to the congestion probler. Tlie probleu, if solved, is not 
likely to be sol/ed by attacks along conventional liner. Innovation and 
ingenuity will be the keys to success if success Is In fact obtainable. 

Also of ,reat importance is t>iat factual operational ciiaracteristics 
could be obtained and utilised during an extended study, 'fhe operational 
characterlr t . cs used in the present investigation, while rational and 
based to a ^ reat extent upon available literature and the opinions of 
professional engineers, are nevertheless subjective and not necessarily 
Gorpletelg representa t ‘ ve of reality. 

Deter uiin. the ^'al c o.^ Jon.^est'on ^.eductions 

The nethodology used by an extended study to deterrine the econo'cLc 
value of reductions in con, ertionr in the chip canal would depend to a 
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vould elininate the necessity of anipulatin^: a biased rn pie by 
reans of onl;. sub.^ectively justifiec' adjust ents. 

Other Econo^’^lc Factors 

The present investbation consblercd onl^' tlie benef'ts t^nt woul 
be conferred upon rleasure boot o'.Nrnors by reprove" entr ot t)ie lochs. 

An extended stuciy could ex'pani this )ini verse to letect uhe benefits trt 
vould be con’'’erred on coincercial users. Also the pre*^er t rtvuly cons' 'ere- 
only those benefits tl.at vould accrue directly throu'^n reductions in 
travel tire required to transit the locks. A '' ore co' preh^. nsi /o treat ent 
of this problem could include research on td.e ei fe^t of reductions in ac- 
clients, reduefons in Coast "uard equiprent and personnel req^’i'red to 
police the canal, reductions "n C:ty of ^eo.ttle harbor PcI'ce eo; 'p’^ent 
and personnel req'ired, the effects o''* v:a*'er I'^sses throityi the lockr an' 
the effects and the reductions or increases In bridi'e openin's at t'le 
'^arious spans crossing the ship canal. 

An e>rpande'> stuciy coul ! also consider the effects ol* red ;ct ‘ons n 
confections on the boatin' industry in 'enerol, on other ^arit-e ani 
otherwise interested and a'Tected indurntr'er, and the econo 1c pact or' 
confer ti on or lnc> thereof on the general economy o^' the free ter '-attle 
Area. 'There is so e tendency to vlev: these rother re ote econo c 
effects as tranci'^er effects v’hich are di reclc* attributable to ^er'at^'ons 
’n the cost o(* transportation itsel^' and not directly' ’ er^^ tor * O'.s o^ 
cons" d era t* on cs ’ndepenfent bene'''ts to the :eneral econory. ' le 
there is some justification to this view, the author feels that trans- 
portation benefits liave a re^'cnera Live effect of t)ie kind kuiovn to occ i* 
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in the econonicr of lori^y and banking. khe deyree to v^n. Cii trsr sror- 
tation benefits are thus re{:enera tive ".^ould be one of the areas of re- 
search worthy of consideration of any anency undertaking a '.ore eztende ' 
study of the sln’i' canal congestion situation. 

Ti*avel Tire I’aviags 

Tlie importance of travel t-rr.e savin^r occor’onec': by i }. rove\.ents 
in the ship canal syste- to the calculation of the benefits con'^'^erred 
by such an improvement is prir.arily dependent u]^on the • atheuat : cal 
approach e 'ployed. In the present stnr.y all benefits were hel i to be 
dependent upon travel time savings. in the ertenJe h cocp-'art entalizei. 
approach an additional study would: probably employ, tra/cl ti e savinur 
will be at least to so.ie dervee less si-nificant. On the basis of the 
research into the value of tir.e incident to ti ‘ s th.esis ho^. ever. tiie 
author is fir'.l;^^ convinced that travel t“h e ravin;s ’’'"ust i lay a lor e 
part in any detem"' nat ’ on of benefits occasioned by redi’ci'ons in con- 
gestion at tlie locks. 

Lacking both the ti’ e and personnel necessary for a i”ore deto'led 
consideration of tro/el tire savin, ^s, the present study ■ adie a mrber 
of unsat^ s'^actory assupt.^ons s ' i pli ficati ons and appro:.] ’ a ti ons . 
havings in travel ti'.e were assured to be (.aine^’ by diversion ol‘ tr-a. i c 
^ro the present lar^e lock to so e proposed fac'l ty. xh' c is an over- 
siT.'pIificatlori since a facil’ty providing ore eupeiUtions passa 'e ^hon 
that obtainable froi the si; oil lock would also drain off traffic fro tho 
installation. The average transit time throu h the locks was assumed to 
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be 1.5 ti^'ec the cycle lent^th. This presupposes that no vessel waits 
longer than one full cycle for adnittance to the lock charber. Tills is 
not true. PDrt:culnrly at high traffic arrival rates, soi.e vessels rr.ust 
wait considerably longer than this. Father than correlating exist: lock 

data uH til persorol obser^/ations , techniques for reducing lock data were 
developed on a pua^cl^v^ theoretical basis. Even then, the jori ty of the 
available voluivinous lockage data were ignored for the sake of brevity 
with onl^ the ^^iost co-pact presenta tions of this data errp loved. 

Supposing that i,:ore extensive resources of tine, personnel and i‘unds 
were available for additional study, * ost of these defects co\ Id be reme- 
died. Tea:'^ of obser'/ers could be stationed both above and below the locks, 
each craft approaching tlie locks could be identified, tiraod In its i^assare, 
and aftenmrds halted and questioned for requisite data. If such a pro- 
ran were carried out for a full year and the results analyzed by moderr 
electronic rethods, it would be possFole to develop relationships fron 
which not only could travel tire savings during the current year be cal- 
culated but which could be usen for correlation of already existing records 
01' locka ''e and subsequent calculation of travel time saving's in prev^’O 'S 
years. Obviously nore extensive time and personnel resources would :ake 
possible the reduction of the present extensive records of lockages ±n 
previous years to for ats suitable for electronic data processing. 

Oiher ^-lethods and. Considerations 



The poss^bili ty of aiapting the tecliniques od electronic data pro- 



cessing to the iveeping of lock records has already been commented upon in 
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Chapter 3* Such o step v/ould r^ke possible continuing, precise, r.echc - 
nized study of lock operations, a ir-ost desirable slt.^ation in view of 
the tendency of traffic patterns at the locks to fluctuate with tine. 

Such an autoriate<'l cysten v;oi'-ld not however, obviate the need for hunan 
observation of ship canal traffic althou^;h it would probably reduce the 
orr.ount of such obse3n/atlon required. 

Simulation of operations at the locks by means of an electronic 
coT^puter is an intrip, uinc possibility. V7ith appropriate input data, 
such a proprarn would not only be able to predict the pattern of work 
operations to be expected under future traffic loads but would also 
enable the calculation of travel time savings to a superior deyree of 
acc^iracy . 

As a ratter of fact, lir. Kenneth Duekcr, Research Instructor 
of the University of V/achin/ton Department of Civil Engineering, 
Tra:iGportat-’ on Division, is presently experirenting with a corrputer 
simulation of the Ilira . M. Chittenden Locks. The results of his experi- 
ments should be of considerable interest to any person or agency consider- 
ing additional study of the ship canal system. 

One addHionol possibility that might be worth considering is re- 
search into the quest’^on of whether or not the more constructed port'ons 
of the ship canal syste are approaching their maxima:' traffic handlin' 
capacity and wlot effect this will have on the situation at the locVx , 

It is obv’ousl^^ unecono.dcal to expand the traffic \iandV nr, capacity of 
the locks past the traffic handling capacity of tlie canal itsel^ and ex- 
tensive enlar- e .ents of the canal would be almost prohibitively expensive. 
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CRAPTER IX 



TI{E IV^m OF CFJ\OTLE PIFIACTOE BO/.TIIJO 



T he Locks 

V.Tiether or not any action .!g taken to ii.iprove con eeted c^nJ'^t.or.p 
in the ship canal and at the Loc]:c ir certainly not dependent upon the 
results of this tiesls. EVen had this invest! -nation concluded that Ir- 
"ense benefits vere to be 'ained fro- irproving the lochs, it c doubt- 
ful whether any s ch action \ro\ll in fact have been taken. As it is. 
tie author lias concluded that increasin''' the traffic hon' linfV cG'ai’ty o 
the lochs by otlier than ad: hrh strati /e :.ean^. :Is unccono 'cal at the prv'cen 
ti e and can offer no greater encoura ;euent than to say that rore extens v 
study will ’onc'ovbteclly reveal flaws » n the autlicr'r tnecig and : ethodolo 
as veil as re/ealing benefits to be ained fro . areas of eco:io c actlv'ry 
not considered here n. Under aii:' circuustances , the a l.hor cannot foresee 
an^' expansion of facilities at Ilirau !h Chittenden locks be. ertal.er 

vrj.t]\in the iredictaole futi.re. 

T^.e Boat Populat’oa 



Arsauin^ conbin':ance of the present .eneral procuer'ty. aa- the 
resulting continued harvest of the fruits of auto Btion, tne A erica/: 
publ^.c, ^l^:shed with le^S' re and lucre, will undoubted!:,^ pursue happi- 
ness in aqueov s s rroundinys with increased intensity* The boat popula- 
tion upon eveiy scrap of S' r-'ace voter extant vrithin ov*r borders ’^st be 



e:'pectecl to rice e^monent ally; even nore co the boat population ypon 
those vaters contl ;uoi c to the llmitlecc e:cLO'^f:es of the sea. '^n conse- 
quence the boat population ur>on the voters in vic-^'nity of greater cattle 
\st be expected to increase, and vith it the congestion in the ship canal 
and at the lockF. As this con 'estion increases to levels not heretofore 
obtained, it rv.st be e:TGcted to exert a depresoiriy, or restraining effect 
upon its o\m continued expansion. 'Ihis self-lirn* * ti n;: effect udLll of 
ccurse exert a correspondin'' influence on the boatln;: industr^^ in reneral, 
thouyVi 'n unored'^' c :able proport"^ ons , due to the previoi sly rent^ oned re- 
"'enerat ' /e effect o^’ t'*'a;'.sportat^' on cost transfers. 

T) ^e fb^ft to halt-, atcr 

Itie pressure of congestion in fresh-vater areas will result in In- 
crensln 1;^'' ^renter nu' bers of boatuen noorinf directly upon salt-water 
and seldor venti^.rinp inland of the locks. The expansion of salt -u'a ter 
based boa tin" will to a "reater or lesser def.ree coipensate for th.e de- 
pressiny. hifluence of resh-vater congestion. Eventuall^S the centre 
of rravity o' pleasisre boatlny act’’'vities vny be expected to shift to 
seaward of the loc'-^s . Such a shift however, is not likely to take place 

*n the in e('iate future since the continued increase of boat density in 
iresh-vater will continue to rake these areas nore attractive to potential 
investors with the result that salt-water facilities ^ ay be expected to 
e>pand at a di .^proporti onally slow rate. 
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Tlie ijQnt V/ord 



‘liotever the pattern o develop;. .ent of pleocurc boat'n. 
V'Qshln, ton bhip Canal Systen, it is unlikely that en^/ anal;, siG 
be r.ade vhich is 'lore penetrating than that raid to have been 
than a century q;o by C:ui lla\n:te, chief of the Chinook Indians 
said, ' he late Janiu Ckeoke Cauck." Zy and by inn;/ canoes on t 
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tyt:‘CAL ..jti:at: 

AY :y:aT. :iaia^-ay 

T^riC succeodin;" para "^repLc o: th: p appen-A: deacivhe i* 'eta. I, 
for thoce vho are interecteo. the rather involved lo;^ic e pioyc^: ii 
rahJnf^ the require* ertlr.atOL- of tne nur.'iber of vecselr t:iat voul : be 
diverted from the preceut larpe lock to a rar 'ne railway ins tallfition . 

Tl'ie specific example considered is tne year 195 b but u'le sa/.e process 
of co^irse, applies to all otlier years. 

In Colui^Ji A Table If are listed those days chirln, wh’ch ter. 
or fever vessels passed throuyh the larye lock. _t '^111 be ass':.e< 'l:.ct 
these Quoimts of traffic represent incidental I'^c <:a es in cor.pary' v' t' 
larger com'»",erc: g1 vessels, etc., and wor.ld rest. It in no diversion o^' 
traffic to proposed facil"' t1 os . thus zero has been inserte i in tl.e appro- 
priate locations of Table 1 h 

1 1 1 o .r' 1 ' 1 ' 1 t ' ^ • u, s '1 t'*^ •- ‘ 

tveen 11 and 50 vessels per day. wOince this is a relativel^^ low traff 
rate and "'st of necess ty represent a relativel:' lov/ rate of arr^iol o 
5 all craft at the locks, It \Ai 11 be assui..ed that all of o\:r proposed 
’^arine laili^a/s. even t>ie niniruc' two lane ins tallotJ ' n . \/illlc 'hill 
capable of han^“'l:‘n^ thi s load. It vill also ie ass’Oj..ed t there v. 11 

still be nen craft rh*ch pars thix)i\' h the lar e locli 'n ::c‘ 'ental 
lockages. T>ie • eon be^v;een trie i: its of 11 and V) vessels per 'ay *s 
0 flow 3^ vessels per day \:hich. Is a flov oz Of vessels day al' 0 ‘'e 
the level of 10 vessels ycr attributable zo :nc*’‘dcntal locha 'es . i'er 
the year l 00 vessels per day ti :es 7“^ days at vhlc'.i this rate o^' flov 
occurred gives 15^^“0 vessels that vould be diverted into o'^r proposed 






facilitTer on these .;avs. .ote hhoc since this represer-ts t.he 

full divertable traffic on these ‘r^ays, the rare fi‘^.re will apply to z':e 
three and four-lane rollvayr as well as to tne two-lane installan ‘ on. 
Calculations for all other years are of course si alar and are recoruef 
ir Table l o 

Goluf^ui 3 of uable 17 lis oc days lyin^ betvee' tne li .its of :3o ann 
100 vessels per day, the mean daili," flov/ rote beiny 75 vessels per day, 
or (^5 vessels per day yreater than incidental flown Ii' the rate of flow 
throivth the Larre lock were assui:;ed to be about 30 or 32 vessels per cycle, 
then it would take about two cycles of that lock at 55 runutes or I'f 
hours per cycle to pass th;r ai.onnt of traffic, ft.is is equivalent to 
about l.o3 hours duriny whicn a coublo-lane varine rajlvay could transfer 
about 22 vessels and the trinle-lane arrnn-.enent coull transfer 44. 
fince tlie four-lane railv.^ay could pass U vessels, a number yreeter than 
the rean non-incidental daili' traffic, it will fe ass c'- that the qi.ad- 
r^ple installation vrLll be able to achieve lcV)n iversion or a iail:/ i-lov^ 
between 51 and 100 vessels per day. i‘or the year 1, 5^ this v/ouln i'lave 
ar-iounted to 44-:), 3h0 ana 1300 vessels that would have been diverte( ^nto 
the three sizes of marine railway. 

Column H of Table 17 lists days on which the traffic throiyh the 
larpe lock was between 100 and 200 vessels per da^ , the nean beirv li^) 
vessels per day, l4o above incidental traffic. At an;^ charber loach n of 
the larce lock less than 4c vessels per cycle, it vrould take 4 cycler to 
nove this many vessels. TTiis would require about 3* 7 hours e:\ahl' iv^ the 
three proposec' sizes of marine railway to transfer 44, 83 and 132 ve-sels 
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rerpectivel^v^; rccult'r' n lec 3^ 1(7^' and P5''"' - er o.‘ 

craft each o" the t iroe fac 1 t ec c/uL. hove "'ove- dur:nv thc^e da;/s 
the year . 

3 ^or calc.ilo t*' one involving the llr',its of T.MO thro.i -h GO veeoele 
per day as shovn in colurns I, J, '< and L of Table T% it is ass^Jcied that 
the practical li^nt Ox nor al clio ber loadinr of tiie la.r;:e lock is abo"'t 
50 vessels per cycle. .The irirber of required cycles of the lar lock 
then calc^^lat€^'^ : ro^nnded off to the nert lar ,est even nirber of cycles; 
tne tire required to cov.plete taece cycles co. puted (at OyTl'i hours per 
cycle); and tb r req\ured t-re nultiplief by the assui.ed rates of tra f’e 
flo \7 over our proposet*. foe li ties of 12 , 2 h and 3 ' vessels per ho'*r. ITn.e 
nu^^ber of vessels per fay that could thus be cii / erted ore shov 7 \ in col '" n 
D of Table l 7 , and the actual nuj iber of cro.-’o tnat v/e .ay assu: e capalle 
of diversion at varyh: ru*n"f*ic flo"vs d:u-i if t!\o rast six vearr arc s.uti/u 

in coll ^ins f thro^i n J o' this table. 

fn colu.; n of f'ohle If ^s listed t' e nui ber of days i iri t‘.e rest 
six years on which : ore than 0; vessels jarsef tlnx)nyh the la.T' e loc' , 
orvl in col’Tin '/ as listen tne act'^al nuj ber o' /essels tl.ot pasee tha^t 
lock on eac'n n ‘ these CiSys. lor these days, nurl er ol’ vessels that 

would have bee 1 vertea to o. r proposed focu'liti is colculatet' .^y total- 
ny np t e actiunl nu ‘^er of vessels t..at 3^aroed t'.ro’\: h. t' e lor e loi?':; 
subtraefuf ten for "icjdental traffic for each 'oy o’''er C^h; cl: 'i le ’f 
do vesocls per e:xle ocsic ed c'^auber lone: ro^md'nt^ c^'f to Vuj t o nc’ 
cycle; • nltM 1 ^'^‘ by iyi * hour's per cycle nr.d t‘ en ^ult.’pl;'' u ’*he 



hoi rly traffic capo'ity o' each of o r vrc)>osci* 



aci 1’ t ' ('c . 



All col 



]Ar 



of "^nble I oro tiien totaled and the resultc recorded 



n Table 20. 
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